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1.1 Stroke 
1.1.1 Epidemiology, aetiology, classification 
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1.1.2 The ischaemic cascade 
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1.1.2.2 Ischaemia/reperfusion injury 
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1.1.2.3 Blood-brain barrier breakdown 
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1.1.3 Failings in current treatments for ischaemic stroke 
!
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1.1.3.2 Clinical trials to date 
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1.2 Inflammation 
1.2.1 The leukocyte adhesion cascade 
!
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1.2.1.1  Chemotaxis of leukocytes to sites of inflammation 
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1.2.1.2 Rolling, adhesion, emigration of leukocytes  
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1.2.1.3 Cellular debris of the emigrated leukocyte 
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1.2.2 The resolution of inflammation 
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1.3 The Formyl Peptide Receptors 
1.3.1 Characterisation 
!
G&4+*.D,0(2! )*&! '*4'0)(! 01! +,&! *&2D.12&! +.! )'4+&! 01>()66)+.*5! 2+064(0<! =,&5!60A*)+&! +.! 20+&2! .>!
+0224&! %)6)A&! .*! 01>&'+0.17! A40%&%! 35! A*)%0&1+2! .>! &1%.A&1.42! ',&6./01&2! )1%O.*! 3)'+&*0)(!
>*)A6&1+2<!=,&2&!6&%0)+.*2!)*&!*&'.A102&%!35!+.((H(0/&!*&'&D+.*2!P=TJ2Q!)1%!cSEJ2<!K.*65(!D&D+0%&!
*&'&D+.*2! PKSJ2Q! .1! 1&4+*.D,0(2! ')1! *&'.A102&! 3)'+&*0)(! >.*65()+&%! D&D+0%&2! )1%! )*&! +,&*&>.*&!
'&1+*)(!cSEJ2!01!,.2+!%&>&1'&<!G&?&*+,&(&227!+,&!*.(&2!.>!KSJ2!01!+,&!6.%4()+0.1!.>!01>()66)+0.1!
&C+&1%! ?)2+(5! 3&5.1%! +,&! D*.6.+0.1! .>! (&4/.'5+&! ',&6.+)C02<! T0A)1%2! >.*! &)',! .>! +,&! +,*&&!
0%&1+0>0&%! ,46)1! KSJ2! P)1%! +,&! &?&*H&CD)1%01A! 2&+! .>! /1.-1! 64*01&! .*+,.(.A4&2Q! ,)?&! 3&&1!
0%&1+0>0&%!-,0',!+*)12%4'&!3.+,!D*.H!)1%!)1+0H01>()66)+.*5!)'+0?0+5<!=,02!2&'+0.1!PC)-'-,&*'!+-&!%"Q!
-0((! %&2'*03&! +,&! >41%)6&1+)(! )2D&'+2! .>! KSJ27! 01'(4%01A! +,&0*! 010+0)(! %02'.?&*57! +,&0*! %02+*034+0.1!
)1%!+,&0*!)'+0?0+5!%4*01A!01>()66)+0.1<!
1.3.1.1 Discovery and cloning of the formyl peptide receptors 
KSJ2!3&(.1A!+.!)!2&?&1!+*)126&63*)1&!%.6)01!cSEJ!24D&*>)60(5<!946)1!>.*65(!D&D+0%&!*&'&D+.*!
"!PKSJ"7!.*0A01)((5!KSJQ!-)2!010+0)((5!0%&1+0>0&%!)2!)!1&4+*.D,0(0'7!,0A,!)>>010+5!24*>)'&!301%01A!20+&!>.*!
0H>.*65(H8&+HT&4HS,&! P>8TKQn+,&! )*',&+5D)(! 0H>.*65()+&%! 3)'+&*0)(! D&D+0%&! P;',0>>6)117!
;,.-&((! &+! )(<! "_ZM7!F2-)10/46)*7! E.*'.*)1!&+! )(<! "_ZZQ<! KSJ"! )DD&)*&%! +.!6&%0)+&! +,&!4D+)/&!
)1%! 01+&*1)(02)+0.1!.>! >.*65(!D&D+0%&2! PG0&%&(7!B0(/012.1!&+!)(<!"_Z_7!G0&%&(7!:),)1&!&+!)(<!"_Z_Q!
-,.2&! 301%01A!-.4(%! ')42&! +,&! ',&6.+)C02! .>! 1&4+*.D,0(2! +.! )! 20+&! .>! 01>()66)+0.1! .1! ')('046!
01>(4C! 01+.! +,&! 1&4+*.D,0(! P^.4'&/! )1%! ;15%&*6)1! "_ZYQ<! >F:G! -)2! '(.1&%! +,*.4A,! >41'+0.1)(!
2'*&&101A! .>! )! 'IGF! (03*)*5! >.*! %0>>&*&1+0)+&%! ,46)1! D*.65&(.'5+0'! (&4/)&60)! P9THYXQ! '&((2n)!
D*&%.601)1+(5!1&4+*.D,0(0'!D*.65&(.'5+&!'&((! (01&! P^.4()57!=)*%0>!&+!)(<!"__XQ<!=-.!*&()+&%!A&1&2!
-&*&!2432&N4&1+(5!'(.1&%!+,*.4A,!(.-H2+*01A&1'5!,53*0%02)+0.1!+.!)1!>F:G!'IGF!D*.3&`!>F:H!)1%!
>F:I!P.*0A01)((5!6%'.3?#5*5&!/*1?!A*#'*,*5&%'+#G!)1%!HJ#>F:KG!)1%!HQ<!=,&!+,*&&!A&1&2!-&*&!>.41%!+.!
3&!'.H(.')(02&%!01!)!'(42+&*!.1!',*.6.2.6&!"_!P"_N"L<LQ!PF(?)*&j7!E.+.!&+!)(<!"__VQ!)1%!&CD*&22&%!
35!6.1.'5+&2!)1%!1&4+*.D,0(2!PKSJ"OKSJ#Q!.*!6.1.'5+&2!.1(5!PKSJLQ!PI4*2+017!c).!&+!)(<!"__VQ<!!
$1!D)*)((&(! +.! +,&2&!2+4%0&2!.>! +,&!"__X27! +,&!&)*(0&*! 0%&1+0>0')+0.1!.>!TUFV! P+,&!)1+0H01>()66)+.*5!
&0'.2)1.0%@!2&&!2&'+0.1!"<L<#<#Q!(&%!+.!+,&!01%4'+0.1!.>!0+2!*&'&D+.*!01!9THYX!'&((2!PK0.*&7!J.6)1.!&+!
)(<!"__LQ7!+,42!+,&!0%&1+0>0')+0.1!.>!+,&!TUFV!*&'&D+.*!PFTUQ!.1!,46)1!1&4+*.D,0(2!PK0.*&7!8)%%.C!
&+! )(<! "__VQ<! I4*01A! )! 2'*&&101A! .>! .*D,)1! cSEJ2! /1.-1! +.! 3&! 01%4'&%! -0+,01! +,&! 2)6&! +06&!
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D&*0.%7! TUFV! -)2! >.41%! +.! 301%! 2D&'0>0')((5! +.! KSJ#7! 2+064()+01A! c=S)2&! )1%! D&*+42202! +.C01!
2&120+0?0+5n,0A,(5! '.6D)*)3(&! +.! &>>&'+2! 2&&1! .1! 0+2! 301%01A! +.! +,&! &1%.A&1.42! TUFVH2D&'0>0'!
301%01A! 20+&2! .1! D&*0D,&*)(! 1&4+*.D,0(2! PK0.*&7! 8)%%.C! &+! )(<! "__VQ<! ! FTU! 02! )(2.! (.')+&%! .1!
',*.6.2.6&!"_N!P^).7!c&*)*%!&+!)(<!"__#Q<!E.120%&*)3(&!%02'4220.1!,)2!+)/&1!D()'&!*&A)*%01A!+,&!
*0A,+>4(! 1.6&1'()+4*&! >.*! D*&?0.42(5H1)6&%!,46)1! KSJT"! )2! KSJ#!.*!FTU! PE,0)1A7! ;&*,)1! &+! )(<!
#XXY7!m&7!^.4()5!&+!)(<!#XX_Q<!=,.2&!&1%.*201A!pFTUq!3&(0&?&!0+2!+0+(&!2,.4(%!*&()+&!+.!+,&!>41'+0.1)(!
D*.D&*+0&2!.>!+,&!D*.+&01!P)2!)!,0A,!)>>010+5!301%01A!20+&!>.*!TUFVQ!*)+,&*!+,)1!0+2!2+*4'+4*)(!2060()*0+5!
)1%!A&1.60'!D*.C060+5!+.!)1.+,&*!PKSJ"Qn>.*!1.-!+,&!34'/!,)2!2+.DD&%!-0+,!KSJ#OFTU<!
1.3.1.2 Tissue and cellular distribution of the formyl peptide receptors 
KSJ2!)*&!'()220')((5!*&'&D+.*2!.>!+,&!,)&6)+.D.0&+0'O65&(.0%!'&((!D.D4()+0.17!,)?01A!010+0)((5!3&&1!
%02'.?&*&%!01!*)330+!)1%!,46)1!1&4+*.D,0(!D.D4()+0.12<!$1!,46)17!KSJ"!02!&CD*&22&%!01!D,)A.'5+0'!
(&4/.'5+&2O60'*.A(0)7! 6.1.'5+&2! )1%! 1&4+*.D,0(2@! KSJ#OFTU! 6060'2! +,02! &CD*&220.1! D)++&*17! )2!
%.&2!KSJL!-0+,! +,&!&C'&D+0.1!.>! 0+2!D*&2&1'&!.1!1&4+*.D,0(2! Pm)1A7!E,&1!&+!)(<!#XX"Q<!8.1.'5+&!
%0>>&*&1+0)+0.1! 01+.!%&1%*0+0'!'&((2! 02!'.4D(&%!-0+,!)!D*.A*&220?&!%&'(01&! 01!KSJ#OFTU!>41'+0.1!34+!
242+)01&%! KSJL! &CD*&220.17! -,&*&)2! KSJ#OFTU! &CD*&220.1! *&6)012! 41',)1A&%! -0+,! 6.1.'5+&!
%0>>&*&1+0)+0.1!01+.!6)'*.D,)A&2!Pm)1A7!E,&1!&+!)(<!#XX#Q<!F!2060()*!D)++&*1!02!2&&1!)6.1A!64*01&!
65&(.0%! '&((27! -,&*&! KD*"! PKSJ"Q! )1%! KD*#OL! PKSJ#OFTUQ! )*&! &CD*&22&%! 01! 1&4+*.D,0(27! %&1%*0+0'!
)1%!60'*.A(0)(!'&((2!Pm&7!^.4()5!&+!)(<!#XX_Q<!!
KSJ! &CD*&220.1! ,)2! 3&&1! %&2'*03&%! 01! 146&*.42! .+,&*! '&((2O+0224&27! >.*! &C)6D(&`! )2+*.'5+&27!
+,5*.0%7! ,&)*+7! /0%1&5! )1%! 2D(&&1! PKSJ"Q@! )2+*.'5+&27! 2D(&&17! (41A! )1%! +&2+02! PKSJ#OFTUQ@! 2D(&&17!
)%*&1)(! A()1%27! (41A! )1%! (0?&*! PKSJLQn.>+&1! &1%.+,&(0)! .>! .*A)12! )1%! +0224&2! -0+,! 2&'*&+.*5!
>41'+0.12!P^&'/&*7!K.*.4,)*!&+!)(<!"__\Q<!G.1H,)&6)+.D.0&+0'!64*01&!KD*2!)*&!2&&1!01!2D(&&17!(41A!
)1%!(0?&*7!-0+,!KD*L!)(2.!&CD*&22&%!01!)2+*.'5+&2!)1%!+,&!,&)*+!P80A&.++&7!E.66410!&+!)(<!#XXY7!m&7!
^.4()5!&+!)(<!#XX_Q<!!
1.3.1.3 Orthology of human and mouse genes 
=,&! >F:! A&1&! '(42+&*! ,)2! 41%&*A.1&! %0>>&*&1+0)(! &CD)120.1! 01! +,&! 6.42&! A&1.6&7! -,&*&! 0+!
&1'.%&2!)+!(&)2+!101&!%0>>&*&1+!*&'&D+.*2!PKD*"7!KD*#7!KD*L7!)1%!KD*H*&()+&%!2&N4&1'&2!PKD*H*2Q!LH\@!
.*0A01)((5!KD*!)1%!KD*H*2!"H\Q!Pc).7!E,&1!&+!)(<!"__\7!B)1A!)1%!m&!#XX#7!=0>>)157!c).!&+!)(<!#X""Q<!$1!
>)'+!>41'+0.1)(!KSJ2!')1!3&!>.41%!01!.+,&*!D*06)+&27!*)330+27!*)+27!A401&)!D0A!)1%!,.*2&!)2!-&((!)2!
,46)12!)1%!60'&7!01!&CD)1%&%!.*!'.1+*)'+&%!>)60(0&2!.>!,46)1!*&'&D+.*!.*+,.(.A4&2!Pm&7!^.4()5!
&+! )(<! #XX_Q<! =,02! %0?&*20+5! )'*.22!6)66)(0)1! 2D&'0&2! 01%0')+&2! 2+*.1A! 2&(&'+0.1! D*&224*&2! Pc).7!
E,&1!&+!)(<!"__\Q!)2!-&((!)2!+,&!D*)'+0')(!%0>>0'4(+0&2!.>!2+4%501A!+,&!*&'&D+.*!>)60(5!01!60'&<!^.+,!
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,46)1! )1%! 6.42&! KSJOKD*! >)60(0&2! ,)?&! %*0>+&%! +,*.4A,! 2&?&*)(! 1)6&! ',)1A&2! 201'&! +,&0*!
%02'.?&*5<! K0A4*&! M! *&D*&2&1+2! 2+*4'+4*)(! 2060()*0+0&2! 3&+-&&1! ,46)1! )1%! 6.42&! KSJOKD*27! )1%!
)(2.!%&1.+&2!/&5!1)6&!',)1A&2<!!
TUFV!)'+2!?0)!KSJ#OFTU!01!,46)1<!8.42&!.*+,.(.A4&2!.>!,46)1!KSJ#OFTU!)*&!KD*#!)1%!KD*L<!=,02!
,)2! (&%! +.! )! ()'/! .>! '()*0+5! 01! +,&! (0+&*)+4*&! .?&*! -,&+,&*! +,&! D*01'0D)(! D,520.(.A0')((5! *&(&?)1+!
P*)+,&*! +,)1! 2+*4'+4*)((5! ,.6.(.A.42Q! 6.42&! TUFV! *&'&D+.*! 02! &N40?)(&1+! +.! KD*#! .*! KD*L<! =,&!
6.42&!TUFV!*&'&D+.*7!TUFVJ7!,)2!)1!GE^$!)601.!)'0%!2&N4&1'&!(02+01A!%02+01'+!>*.6!3.+,!KD*#!)1%!
KD*L!PGE^$!#X"X'Q7!)(+,.4A,!+,02!6)5!3&!%4&!+.!)(+&*1)+0?&!>5'!A&1&!2D(0'01A<!K0A4*&!Y!2,.-2!)601.!
)'0%! 2&N4&1'&2! .>! 6.42&! KD*#7! KD*L! )1%! TUFVJ<! I0>>&*&1'&2! 3&+-&&1! KD*#OL! )1%! TUFVJ! )*&!
,0A,(0A,+&%@! +,&*&! 02!\L<V\!D&*!'&1+!2&N4&1'&!,.6.(.A5!3&+-&&1!KD*#!)1%!TUFVJ!)1%!_\<\Y!D&*!
'&1+! 3&+-&&1! KD*L! )1%! TUFVJ<! TUFVJ! +,&*&>.*&! 2,.-2! ,0A,&*! 2&N4&1'&! ,.6.(.A5! +.! KD*L7! )2!
2,.-1!01!K0A4*&!Y!)1%!)2!%&2'*03&%!01!%&+)0(!01!35!c).!&+!)(<!P-,.2&!-.*/!.*0A01)((5!%&6.12+*)+&%!
+,&! %0>>&*&1+0)(! &CD)120.1! .>! +,&! >F:! A&1&! '(42+&*! 01! ,46)1! )1%!6.42&7! 2&&! Pc).7! E,&1! &+! )(<!
"__\Q<!$1!)%%0+0.17!KD*#!)1%!KD*L!)'+0?0+5!Pc).7!c40(()3&*+!&+!)(<!#XXZQ!)1%!&CD*&220.1!Pc).7!E,&1!&+!
)(<!"__\Q!6)5!3&!64+4)((5!&C'(420?&<!!
I&2D0+&!+,027!+,&!6.42&!TUFVJ!-)2!>.*!2.6&!+06&!>*&N4&1+(5!*&>&**&%!+.!)2!KD*#!PI4>+.17!9)11.1!
&+! )(<! #X"X7! I4>+.1! )1%! S&**&++0! #X"X7! 8)%&*1)7! E.++&((! &+! )(<! #X"XQ7! )2! )1+0H01>()66)+.*5OD*.H
*&2.(4+0.1!)'+0.1!.>!TUFV!-&*&!%&6.12+*)+&%!+,*.4A,!+,02!*&'&D+.*! 01!A&1&+0'!2+4%0&2!4201A!KD*#H
14((!60'&!01!D)*+0'4()*<!=,02!'.(.157!,.-&?&*7!,)2!*&'&1+(5!3&&1!*&'()220>0&%!)2!KD*#OLH14((!P%&2D0+&!
2D&'0>0'! +)*A&+01A! .>! KD*#7! .?&*()D! 01! +,&! &C.1! *&A0.12!6)/&! )! >41'+0.1)(! KD*L! 41(0/&(5Q! PI4>+.17!
9)11.1!&+!)(<!#X"XQ<!B,0(&!1.+!'.6D(&+&(5!*&2.(?&%7!TUFVJ!02!'4**&1+(5!*&>&**&%!+.!)2!KD*#OL<!=,&!
&6&*A&1'&! .>! 243+5D&H2D&'0>0'! )A.102+2! '.4(%! )0%! 01! +,&! ',)*)'+&*02)+0.1! .>! +,&!6.42&! *&'&D+.*!
>)60(57!)2!41+0(!?&*5!*&'&1+(57!)!()'/!.>!2&(&'+0?&!)1+)A.102+2!.*!1&4+*)(0201A!)1+03.%0&2!,)2!6)%&!+,&!
0%&1+0>0')+0.1! .>! KD*#! )1%! KD*LH2D&'0>0'! )'+0?0+5! %0>>0'4(+<! F1! &C)6D(&! .>! +,02! 02! (0A)1%! >.*! >.*65(!
D&D+0%&! *&'&D+.*! PKSJQH(0/&! PKSJTQH#! P'4**&1+(5! /1.-1! )2! KSJLQ7! K#T! Pi.,)122.1! #X""Q7! -,0',! 02!
2&(&'+0?&!>.*!KD*#!01!+,&!6.42&!Pc).7!c40(()3&*+!&+!)(<!#XXZQ<!
1.3.1.4 Modulating inflammation and chemotaxis through formyl peptide receptors  
=,&!'()220')(! *.(&! >.*!KSJ"!)A.102+2! 02! 01! +,&!D*.6.+0.1!.>!',&6.+)C02!)1%!D)+,.A&1!*&'.A10+0.17!
D)*+0'4()*(5!01!0+2!*.(&!)2!)!,0A,!)>>010+5!*&'&D+.*!>.*!>8TS!Pm&7!^.4()5!&+!)(<!#XX_Q7!)1%!+,&!>41'+0.1!
.>! KSJL! *&6)012! ()*A&(5! 41/1.-1! PJ)30&+7!8)')*0! &+! )(<! #X""Q<! 9&*&! +,&! >.'42!-0((! 3&! KSJ#OFTU!
P6.42&!.*+,.(.A4&2!KD*#OLQ7!3&')42&!.>!+,&!D*.H*&2.(?01A!D,)*6)'.(.A0')(!D.+&1+0)(!.>!2.6&!.>!0+2!
)A.102+2<!!
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=,&!1463&*!)1%!D,520')(!?)*0)+0.1!.>!KSJ#OFTU!(0A)1%2!6)/&!+,&!)'+0?0+5!.>!+,&!*&'&D+.*!%0>>0'4(+!
+.! %&>01&! 206D(5<! $+! 02! '.120%&*&%! )! *&'&D+.*! -,.2&! )1+0H01>()66)+.*5! D*.D&*+0&2! )*&! 6.2+!
20A10>0')1+!-0+,!*&2D&'+!+.!D,)*6)'.(.A0')(!D.+&1+0)(n01%&&%!+,02!+,&6&!.''4D0&2!+,&!6)].*0+5!.>!
D43(02,&%!KSJ#OFTU!%)+)<!$1!2D0+&!.>!+,027!KSJ#OFTU!02!)!(.-!)>>010+5!*&'&D+.*!>.*!>8TS!P*&2D.120?&!
01! +,&! 60'*.6.()*! *)1A&Q! PS*.2210+j! )1%! m&! "__Z7! :*&+2',6&*7! c(&2/&! &+! )(<! #X"XQ! '.**&'+(5!
01%0')+01A!)!*.(&!01!',&6.+)C02@!)DD*&'0)+0.1!.>!D.+&1+0)(!*&'&D+.*!(0A)1%O'&((O'.1%0+0.1H%&D&1%&1+!
D*.H01>()66)+.*5!)'+0?0+5!02!+,&*&>.*&!&22&1+0)(!>.*!.D+06)(!42&!.>!KSJ#OFTU!)2!)!%*4A!+)*A&+!01!+,&!
6.%4()+0.1!.>! 01>()66)+0.1<! KSJ#OFTU! 02! 01! A&1&*)(!4DH*&A4()+&%!35!D*.H01>()66)+.*5! '5+./01&2!
24',! )2! =GKf! PE407! T&! &+! )(<! #XX#Q7! )1%! 6)5! 3&! 01,030+&%! 35! 01+&*(&4/01HV! P$THVQ! .1! 60'*.A(0)!
>.((.-01A!=GKf!2+064()+0.1!P$*03)**&17!E,&1!&+!)(<!#XXMQ<!PKSJ#OFTU!02!)(2.!01,030+&%!01!1.1H'&*&3*)(!
+0224&!35!$THV!01!D&*0+.10+027!2&&!PI)07!8)].*!&+!)(<!#XXMQ<!=,&*&!,)?&!3&&1!6)15!(0A)1%2!0%&1+0>0&%!
>.*!)((!6&63&*2!.>!+,&!KSJ!>)60(5!P>.*!)1!4DH+.H%)+&!(02+!2&&!Pc)?012!#X"XQ<!;.6&!)A.102+2!01'(4%&!
TUFV! PE,0)1A7! ;&*,)1! &+! )(<! #XXYQ7! F1CF"! PS&**&++07! c&++01A! &+! )(<! #XX"Q! )1%! *&()+&%!
D,)*6)'.D,.*&2!P2&&!2&'+0.1!"<L<#<"Q@!2&*46!)65(.0%!F!P;FFQ!P;47!c.1A!&+!)(<!"___Q@!)65(.0%!g"h
V#!PFgV#Q!PE407!T&!&+!)(<!#XX#Q!)1%!=*DHT52H=5*H8&+Hb)(HIH8&+!PB:m8b8!.*!pB!D&D+0%&qQ!P^)&7!S)*/!
&+!)(<!#XXLQ<!F1+)A.102+2!01'(4%&!D&D+0%&!=*DHF*AH=*DH=*DH=*DH=*D!PBJBBBB!.*!pBJBVqQ!)1%!GH
&H34+.C5')*3.15(HS,&HT&4HS,&HT&4HS,&! P^.'#@! >.*! KSJ#OFTU! )1+)A.10267! 2&&! 2&'+0.1! "<L<#<LQ!
P;+&1>&(%+7! :)*(22.1! &+! )(<! #XXZQ7! )(+,.4A,! .+,&*2! )*&! )?)0()3(&<! F! D.2203(&! &CD()1)+0.1! >.*! +,&!
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  fpr 2 (mouse)  MESNYSIHLN GSEVVVYDST ISRVLWILSM VVVSITFFLG VLGNGLVIWV AGFRMPHTVT 
  fpr 3 (mouse)  METNYSIPLN GSDVVIYDST ISRVLWILSM VVVSITFFLG VLGNGLVIWV AGFRMPHTVT 
  LXA4R (mouse)  MESNYSIHLN GSEVVVYDST ISRVLWILSM VVVSITFFLG VLGNGLVIWV AGFRMPHTVT 
 
              70        80         90        100        110        120 
  fpr 2 (mouse)  TIWYLNLALA DFSFTATLPF LLVEMAMKEK WPFGWFLCKL VHIVVDVNLF GSVFLIALIA 
  fpr 3 (mouse)  TIWYLNLALA DFSFTATLPF LLVEMAMKEK WPFGWFLCKL VHIAVDVNLF GSVFLIAVIA 
  LXA4R (mouse)  TIWYLNLALA DFSFTATLPF LLVEMAMKEK WPFGWFLCKL VHIAVDVNLF GSVFLIAVIA 
 
           130        140        150        160        170        180 
  fpr 2 (mouse)  LDRCICVLHP VWAQNHRTVS LARKVVVGPW IFALILTLPI FIFLTTVRIP GGDVYCTFNF 
  fpr 3 (mouse)  LDRCICVLHP VWAQNHRTVS LARNVVVGSW IFALILTLPL FLFLTTVRDA RGDVHCRLSF 
  LXA4R (mouse)  LDRCICVLHP VWAQNHRTVS LARNVVVGSW IFALILTLPL FLFLTTVRDA RGDVHCRLSF 
 
             190        200        210        220        230        240 
  fpr 2 (mouse)  GSWAQTDEEK LNTAITFVTT RGIIRFLIGF SMPMSIVAVC YGLIAVKINR RNLVNSSRPL 
  fpr 3 (mouse)  VSWGNSVEER LNTAITFVTT RGIIRFIVSF SLPMSFVAIC YGLITTKIHK KAFVNSSRPF 
  LXA4R (mouse)  VSWGNSVEER LNTAITFVTT RGIIRFIVSF SLPMSFVAIC YGLITTKIHK KAFVNSSRPF 
 
             250        260        270        280        290        300 
  fpr 2 (mouse)  RVLTAVVASF FICWFPFQLV ALLGTVWFKE TLLSGSYKIL DMFVNPTSSL AYFNSCLNPM 
  fpr 3 (mouse)  RVLTGVVASF FICWFPFQLV ALLGTVWLKE MQFSGSYKII GRLVNPTSSL AFFNSCLNPI 
  LXA4R (mouse)  RVLTGVVASF FICWFPFQLV ALLGTVWLKE MQFSGSYKII GRLVNPTSSL AFFNSCLNPI 
 
             310        320        330        340        350         
  fpr 2 (mouse)   LYVFMGQDFR ERFIHSLPYS LERALSEDSG QTSDSSTSST SPPADIELKA P 
  fpr 3 (mouse)   LYVFMGQDFQ ERLIHSLSSR LQRALSEDSG HISDTRTNLA SLPEDIEIKA I 
  LXA4R (mouse)   LYVFMGQDFQ ERLIHSLSSR LQRALSEDSG HISDTRTNLA SLPEDIEIKA I! !
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1.3.2 Anti-inflammatory activity of FPR2/ALX 
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+*)1260A*)+0.1! )'*.22! &D0+,&(0)<! $1! +&*62! .>! *&2.(?01A! 01>()66)+0.17! TUFV! )'+0.1! .1! 6.1.'5+&2!
')42&2!+,&0*!1.1HD,(.A02+0'!)'+0?)+0.1!)1%!+*)1260A*)+0.17!)1%!)1!01'*&)2&!01!D,)A.'5+.202<!!
9"# $!$%! &?0%&1'&! %&6.12+*)+&2! +,&! ?)(4&! .>! +,&2&! &>>&'+2! 01! ?)*0.42! %02&)2&!6.%&(2<! TUFV! .*! 0+2!
)1)(.A4&2!,)?&!3&&1!2,.-1!+.!3&!D*.+&'+0?&!P35!*&%4'+0.1!.>!01>()66)+0.1!.*!+0224&!%)6)A&!>*.6!
$OJQ! 01! +,&! 3*)01! Pm&7!B4! &+! )(<! #X"XQ7! /0%1&5! P841A&*7!8.1+&*.! &+! )(<! "___Q! )1%! (41A! PW(! :&30*7!
i.j2&>! &+! )(<! #XX_Q! )6.1A! .+,&*! *&A0.12<! ;4*D*0201A(57! +.D0')(! TUFV! ,)2! 3&&1! 2,.-1! +.! 01'*&)2&!
1&4+*.D,0(! ',&6.+)C02! +.! '.*1&)(! -.41%2! 01! *)330+27! D*.6.+01A! -.41%! ,&)(01A7! -,0(&! D*.H
01>()66)+.*5!(&4/.+*0&1&2!,)?&!1.!&>>&'+!Pc*.1&*+7!8),&2,-)*0!&+!)(<!#XXMQ<!=,02! 02!%02+01'+!>*.6!
+,&0*!3&++&*H/1.-1!)1+0H01>()66)+.*5!D*.D&*+0&2!34+!&6D,)20j&2!+,&!1&&%!+.!D*.?0%&!&?0%&1'&!.>!
KSJ!)A.102+2!01!)!*)1A&!.>!6.%&(2<!!
1.3.2.3 FPR2/ALX inhibition 
;&?&*)(! )1+)A.102+2! -0+,! )! ,0A,! )>>010+5! >.*! KSJ#OFTU! ,)?&! 3&&1! -0%&(5! 42&%! +.! 2+4%5! %0>>&*&1+!
)2D&'+2!.>!KSJ#OFTU!D,)*6)'.(.A5<!BJBV!,)2!3&&1!',)*)'+&*02&%!)2!)1!)1+)A.102+!>.*!KSJ#OFTU!
P^)&7!T&&!&+!)(<!#XXVQ<!=,&!D&D+0%&!-)2!0%&1+0>0&%!+,*.4A,!(03*)*5!2'*&&101A!.>!B:m8b8H3(.'/01A!
,&C)D&D+0%&2!)1%!2,.-&%!+,&!6.2+!D.+&1+! 01,030+0.1!.>!B:m8b8HKSJ#OFTU!301%01A! 01!J^TH#9L!
'&((2<!;D&'0>0'0+5!-)2!%&+&*601&%!35!0+2!)30(0+5!+.!3(.'/!+,&!)'+0?0+5!.>!?)*0.42!KSJ#OFTU!)A.102+2!34+!
1.+!>8TS!PKSJ"!)A.102+@!KSJ#OFTU!)A.102+!)+!,0A,&*!'.1'&1+*)+0.12Q<!BJBV!02!&>>&'+0?&!01!+,&!,0A,!
1)1.6.()*!+.!(.-!60'*.6.()*!*)1A&!P;+&1>&(%+7!:)*(22.1!&+!)(<!#XXZQ7!)(+,.4A,!,0A,!'.1'&1+*)+0.12!
P)3.?&!"X!l8Q!')42&!1.1H2D&'0>0'!01,030+0.1!.>!KSJ!)'+0?0+5<!!
^.'#!02!)!1.1H2&(&'+0?&!)1+)A.102+!Pc)?0127!m.1)!&+!)(<!#XXL7!8)',)%.7!i.,1%*.-!&+!)(<!#XXYQ<!S)1H
)1+)A.102+0'!)'+0?0+5!)((.-2!^.'#!+.!3&!42&%!+.!0%&1+0>5!A&1&*)(!KSJ!)'+0?0+5<!!
!
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!
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1.3.3 How can we intervene to rescue the brain after stroke? 
!
$1>()66)+0.1! ')42&%! 35! $OJ! 01! 2+*./&! D*.?0%&2! )1! .DD.*+410+5! >.*! %)6)A&H01+&*?&1+0.1! 3&5.1%!
&C'0+.+.C0'! '&((! %&)+,<! E.4D(&%! -0+,! +,&! 01'*&)201A(5! 2432+)1+0)+&%! D)*)%0A6! +,)+! 01>()66)+0.1!
*&2.(4+0.1! 02! )1! )'+0?&! D*.'&22! P;&*,)17! E,0)1A! &+! )(<! #XX\Q7! +,02! ,)2! %0*&'+&%! *&2&)*',! 01+.! +,&!
6)10D4()+0.1!.>!&1%.A&1.42!)1+0H01>()66)+.*5OD*.H*&2.(?01A!)A&1+2!+.-)*%2!2+*./&!+,&*)D0&2<!!
E.1+014&%!2+4%5! 01! +,02!)*&)!2&&62!&22&1+0)(!A0?&1!+,&!%)+)! +,)+!,)?&!)(*&)%5!3&&1!A&1&*)+&%n
2.6&!)((4%01A!+.!KSJ!01?.(?&6&1+<!S.2+H02',)&60'!)%60102+*)+0.1!.>!)!TUFV!)1)(.A4&!PTUFVH6&+,5(!
&2+&*Q! 06D*.?&2! 1&4*.(.A0')(! .4+'.6&7! 24DD*&22&2! 1&4+*.D,0(! 01>0(+*)+0.1! )1%! (0D0%! D&*.C0%)+0.1!
(&?&(27!01,030+2!A(0)(!)'+0?)+0.17!*&%4'&2!=GKf!)1%!$TH"g!&CD*&220.17!)1%!4DH*&A4()+&2!$TH"X!)1%!=cKH
g"!&CD*&220.1!01!)!*)+!6.%&(!.>!>.')(!2+*./&!Pm&7!B4!&+!)(<!#X"XQ<!F1CF"!.>>&*2!1&4*.D*.+&'+0.1!01!)!
6.42&! 6.%&(! .>! >.')(! 2+*./&7! )2! 606&+0'! F1CF"F'#H#Y! *&%4'&2! 3.+,! (&4/.'5+&! *&'*40+6&1+! +.!
&1%.+,&(0)! )1%! 01>)*'+! ?.(46&! Pc)?0127! I)((0! &+! )(<! #XXZQ<! =,&*&! 02! (&22! 01>.*6)+0.1! )?)0()3(&! >.*!
A(.3)(! 6.%&(27! )(+,.4A,! $2',0/)-)! )1%! '.H-.*/&*2! ,)?&! 2,.-1! (&4/.'5+&HOD()+&(&+H&1%.+,&(0)!
01+&*)'+0.12! 6)5! 3&! *&%4'&%! 35! )1A0.+&1201! $$! +5D&! "! PFGc! $$Q! *&'&D+.*! )1+)A.102+2! P01'(4%01A!
%0D,&15(&1&0.%.10467!#<M!6AO/AQ!P$2,0/)-)7!;&/0j4/)!&+!)(<!#XXZQ<!!
=,&!')?&)+!-0+,!+,&2&!&CD&*06&1+2! P)2!-0+,!+,.2&!*&()+&%Q! 02! +,)+! +,&5!%.!1.+!)''.66.%)+&!+,&!
06D*)'+0')(0+5!.>!)! *&A06&1+&%! +&6D.*)(!%*4AH)%60102+*)+0.1!D*.+.'.(! >.*!,46)1!2+*./&!D)+0&1+2<!
=,&5! )*&7! 1&?&*+,&(&227! )1! &C'&((&1+! >.41%)+0.1! >.*! >4*+,&*!-.*/<! =,&! D4*D.2&! .>! +,02! D*.]&'+! 02!
+,&*&>.*&! +.!D4*24&!/1.-(&%A&!.>!KSJ!6&',)10262! 01! +,&!*&2.(4+0.1!.>! 01>()66)+0.1! 01!)!2+*./&!
6.%&(!4201A!01+*)?0+)(!+&',10N4&27!)1%!+.!01?&2+0A)+&!+,&!D.+&1+0)(!.>!+,&!*&'&D+.*!252+&6!01!%*4A!
%&?&(.D6&1+<!
!
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!
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1.4 Hypothesis 
1.4.1 Hypothesis 
!
",\"/!',@!TU".!L866!7-@8'%-!'!?&+%-(%8H-!-55-(%!8,!$%&+2-!VM6+#'6!(-&-#&'6!4KAX[!H8'!'!7-(;',8$7!
+5!'(%8+,!8,H+6H8,M!7-7#-&V$X!+5!%;-!5+&7=6!?-?%8@-!&-(-?%+&!V<>AX!5'786=0!
!
1.4.2 Aims 
1.4.2.1 In brief 
=.!41'.?&*!-)52! 01!-,0',!D*&?0.42(5! ',)*)'+&*02&%! KSJ! )A.102+2!6&%0)+&! 01>()66)+0.1! 01! A(.3)(!
'&*&3*)(!02',)&60)<!^5!D*.?0%01A!0120A,+!01+.!*&'&D+.*!6&',)102627!0+!-0((!24DD(5!&?0%&1'&!+.-)*%2!
+,&0*!D.+&1+0)(!42&!01!2+*./&!+,&*)D0&2<!!
1.4.2.2 In detail 
"< =.! %&?&(.D! )! 6.%&(! .>! A(.3)(! '&*&3*)(! 02',)&60)! >.((.-&%! 35! *&D&*>420.1<! =,02! 2,.4(%!
&1)3(&!+,&!?024)(02)+0.1!+,*.4A,!01+*)?0+)(!60'*.2'.D5!.>!20A10>0')1+! (&4/.'5+&H&1%.+,&(0)(!
PTHWQ! 01+&*)'+0.12! 01! +,&!6.42&! '&*&3*)(!60'*.'0*'4()+0.1!-0+,! *&2D&'+! +.! 2,)6!.D&*)+&%!
)106)(2<!
#< =.!%&+&*601&!',)1A&2!01!+,&!'&*&3*)(!60'*.?)2'4()+4*&!>.((.-01A!A(.3)(!'&*&3*)(!$OJ!4D!+.!
L!,!D.2+H2+*./&<!
L< =.!%&+&*601&!+,&!D,520.(.A0')(O'&((4()*!*&2D.12&2!+.!KSJ!)A.102+2<!
V< =.! %&+&*601&! +,&! 6&',)1026! +,*.4A,! -,0',! KSJ! )A.102+2! D*.?0%&! )1+0H01>()66)+.*5!
&>>&'+27!-0+,!+,&!42&!.>!D,)*6)'.(.A0')(!)1%!A&1&+0'!)DD*.)',&2<!!
!
!
!
!
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2.1 Materials 
!
=)3(&!#!)1%!=)3(&!L!(02+!+,&!2.4*'&2!.>!/&5!D*.%4'+2!42&%!01!+,&!&CD&*06&1+2!%&2'*03&%!-0+,01!+,02!
',)D+&*<!!
Company Company location
Isoflurane liquid Attane PA, US
Ketamine     Fort Dodge Animal Health     Southampton, UK
Pentobarbital sodium         VWR PA, US
Xylazine            Bayer Healthcare            Newbury, Berkshire, UK
15-epi-lipoxin A4 Calbiochem Darnstadt, Germany
Ac2-26 Cambridge Research Biochemicals Cleveland, UK
Boc2 MP biomedicals West Lothian, UK
Ethanol (absolute) Sigma-Aldrich Poole, Dorset, UK
Lipoxin A4 Calbiochem Darnstadt, Germany
Physiological saline Baxter Healthcare  Northampton, UK
WRWWWW (WRW4) Tocris Bioscience Elliswille, MO, US
Dumont 7 forceps Fine Science Tools  Germany
Glass coverslips (cranial window) BD Biosciences Oxford, UK
Microdrill Fine Science Tools  Germany
Microscissors Fine Science Tools  Germany
Microvessel clips Fine Science Tools  Germany
Needles (26, 27 and 30G) Becton Dickenson UK
Polyethylene (PE)-10 tubing Intramedic Oxford, UK
Silk thread (6-0) Harvard Apparatus Kent, UK
Stereotactic frame (custom built)  -  - 
Surgical Scissors Fine Science Tools  Germany
Syringes Becton Dickenson UK
Vetbond tissue adhesive 3M UK
9.4T MRI scanner Oxford Instruments Oxfordshire, UK
Artificial CSF components (CaCl, NaCl, KCl, 
MgCl2, Urea, Dextrose, NaHCO3)!
Sigma-Aldrich Poole, Dorset, UK
C57BL/6 mice Charles River UK Ltd UK
CoolSNAP HQ2 black and white camera Photometrics Tuscon, AZ, US
Fluroscein isothiocyanate (FITC)-labelled
albumin
Sigma-Aldrich Poole, Dorset, UK
Heparin (sodium salt from porcine
intestinal mucosa)
Sigma-Aldrich Poole, Dorset, UK
Intravital microscope Olympus Japan
Lipopolysaccharide (LPS) from E. coli
0111:B4 
Fisher Scientific Loughborough, UK
Rhodamine 6G Sigma-Aldrich Poole, Dorset, UK
Slidebook 4.2 software Intelligent Imaging Innovations, Inc. Denver, CO, US
Misc. in vivo 
products
Anaesthetics
Product
Drug treatments 
Surgery
!
!
!
!
! !
!
!
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Company Company location
Cytometric bead array, mouse 
inflammation kit
BD Biosciences Oxford, UK
Falcon sample acquisition tubes (75 mm) BD Biosciences Oxford, UK
MultiscreenHTS vacuum manifold Millipore Billerica, MA, USA
MultiscreenHTS-BV 1.2 µm filter plates Millipore Billerica, MA, USA
FCAP Array 3.0 software BD Biosciences Oxford, UK
Chemotaxis plates Neuroprobe Receptor Technologies Warwickshire, UK
fMLP Sigma-Aldrich Poole, Dorset, UK
Histopaque1077 and 1119 Sigma-Aldrich Poole, Dorset, UK
MCP-1 PeproTech EC Ltd London, UK
MIP-1! PeproTech EC Ltd London, UK
Vacutainer system BD Biosciences Oxford, UK
Hexadacyl trimethylammonium bromide 
(HTAB) 
Sigma-Aldrich Poole, Dorset, UK
Hydrogen peroxide Sigma-Aldrich Poole, Dorset, UK
Tetramethylbenzidine (TMB) Sigma-Aldrich Poole, Dorset, UK
!-actin primary Ab (mouse) Abcam Cambridge, UK
Anti-rabbit secondary Ab Abcam Cambridge, UK
Annexin A1 primary Ab (rabbit) Invitrogen Carlsbad, CA, US
Chemiluminescence kit Thermo Scientific MA, US
ERK1/2 primary Ab (rabbit) Cell Signalling Technologies Hertfordshire, UK
Peroxidase horse anti-mouse IgG 
secondary Ab
Vector Laboratories Peterborough, UK
Phospho-ERK1/2 primary Ab (rabbit) Cell Signalling Technologies Hertfordshire, UK
Western blotting apparatus Invitrogen Carlsbad, CA, US
Falcon tubes 15 and 50 ml BD Biosciences Oxford, UK
Paraformaldehyde (PFA) Sigma-Aldrich Poole, Dorset, UK
Phosphate buffered saline (PBS) tablets Sigma-Aldrich Poole, Dorset, UK
Western-
blotting
Misc. in vitro 
products
Product
Blood 
collection/ 
chemotaxis 
assay
Bead array
MPO assay
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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2.2 Methods 1: In vivo observation of leukocyte-
endothelial cell interactions in cerebral 
ischaemia/reperfusion 
2.2.1 Mouse global stroke model 
 
2.2.1.1 Animal preparation 
WCD&*06&1+2!-&*&!D&*>.*6&%!4201A!6)(&!EMZ^TOY!60'&!.*!KD*#OLHOH!60'&!.1!)!EMZ^TOY!3)'/A*.41%!
P3)'/'*.22&%! >.*! Y! A&1&*)+0.12Q! PI4>+.17! 9)11.1! &+! )(<! #X"XQ#7! -&0A,01A! #LH#\! A<! ! F((! )106)(!
D*.'&%4*&2!-&*&!')**0&%!.4+!41%&*!(0'&1'&!)1%!'.6D(0&%!-0+,!9.6&![>>0'&!*&A4()+0.12!Pc40%)1'&!
.1! +,&![D&*)+0.1!.>!F106)(27! ;'0&1+0>0'! S*.'&%4*&2!F'+7! "_\YQ<!80'&!-&*&!6)01+)01&%!.1! )! "#!,!
(0A,+O%)*/! '5'(&! %4*01A! -,0',! +&6D&*)+4*&! -)2! 6)01+)01&%! )+! #"H#L! vE7! )1%! ,)%! )''&22! +.! )!
2+)1%)*%!',.-!D&((&+!%0&+!)1%!+)D!-)+&*!-/#?!D!&7.<!!
80'&! -&*&! )1)&2+,&+02&%! -0+,! )1! 01+*)D&*0+.1&)(! P0<D<Q! 01]&'+0.1! P4201A! )! LXc! C! z{! 1&&%(&Q! .>!
D&1+.3)*30+)(! 2.%046! P"XX!6AO/AQ!%0(4+&%! 01!%9#[!)1%! *&>(&C&2! '.1+014)((5! ',&'/&%@!)! +.D!4D!.>!
D&1+.3)*30+)(! 2.%046! P)DD*.C06)+&(5!"M!6AO/AQ!-)2!)%60102+&*&%! 0>! )106)(2!6)01+)01&%!)!D&%)(!
*&>(&C!LXs!601!)>+&*!010+0)(!01]&'+0.1<!W5&2!-&*&!/&D+!(43*0')+&%!-0+,!D,520.(.A0')(!2)(01&<!=,&!*0A,+!
]4A4()*! ?&01! -)2! ')114()+&%! -0+,! )! #X! '6! D.(5&+,5(&1&! PSWQH"X! ')+,&+&*! >.*! 01+*)?&1.42! P0<?<Q!
)%60102+*)+0.1! .>! 2)(01&7! +*&)+6&1+2! )1%! %5&! P2&&! 2&'+0.1! #<#<#<#Q<! ^.%5! +&6D&*)+4*&! -)2!
6.10+.*&%! +,*.4A,.4+! 4201A! )! *&'+)(! +,&*6.6&+&*! )1%!6)01+)01&%! )+! LZ|"<X! vE! 4201A! )! ,&)+01A!
6)+!.1!-,0',!24*A&*5!-)2!D&*>.*6&%!PK0A4*&!ZFO^Q<!!
2.2.1.2 Bilateral Common Carotid Artery Occlusion 
=,&!'.66.1!')*.+0%!)*+&*0&2!PEEF2Q!-&*&!&CD.2&%!?0)!+,&!&C02+01A!?&1+*)(!60%(01&! 01'020.1!)+!+,&!
(&?&(!.>!+,&!1&'/!P'*&)+&%!D*&?0.42(5!>.*!')114()+0.1!.>!+,&! ]4A4()*!?&01Q<! $1!+,&! 02',)&60'!A*.4D7!
EEF2! -&*&! '()6D&%! >.*! M! 601! 4201A! 60'*.?&22&(! '(0D2! PK0A4*&! ZEQL<! $1! .*%&*! +.! D*&?&1+! &C'&22!
%02*4D+0.1! +.! 3*&)+,01A7! ')*&! -)2! +)/&1! +.! )?.0%! D,520')(! D*&224*&! .1! +,&! +*)',&)! )1%!
%02*4D+0.1O'()6D01A! .>! +,&! ?)A42! 1&*?&<! =,&! '(0D2!-&*&! +,&1! *&6.?&%! )1%! *&246D+0.1! .>! 3(..%!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!! !
#!F+!+,&!+06&!.>!')**501A!.4+!+,02!-.*/7!KD*#OL!-0(%!+5D&!60'&!-&*&!41)?)0()3(&7!+,&*&>.*&!KD*#OLHOH!A*.4D2!)*&!'.6D)*&%!
+.! EMZ^TOY! %)+)! 2&+2! )2! D43(02,&%! 01! c)?0127! K<! G<7! W<! T<! 94A,&27! G<! F<! ^4227! S<! 8<! 9.((.-)57! ;<! i<! c&++01A! )1%! i<! E<!
^4'/01A,)6! P#X"#Q<! }T&4/.'5+&! *&'*40+6&1+! 01! +,&! 3*)01! 01! 2&D202`! 01?.(?&6&1+! .>! +,&! )11&C01! "HKSJ#OFTU! )1+0H
01>()66)+.*5!252+&6<}!KF;W^!i<<!
L!b)*0)+0.12!+.!+,02!D*.+.'.(!%4*01A!+,&!%&?&(.D6&1+!.>!+,02!6.%&(7!01'(4%01A!)(+&*)+0.12!+.!+,&!%4*)+0.1!.>!02',)&60)!)*&!
01'(4%&%!01!)1!M//!&!%"-?#.*&)%/+!2&'+0.1!PL<#Q!01!',)D+&*!V<!!
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>(.-! '.1>0*6&%! ?024)((5<! "XX! ~(! ?&,0'(&! P?&,0'(&! #! r! TUFV7! "MH&D0HTUFV@! ?&,0'(&! "! r! )((! .+,&*!
+*&)+6&1+2Q!.*! +*&)+6&1+!-)2!)%60102+&*&%!)+! +,&!2+)*+!.>! +,&! *&D&*>420.1!D&*0.%<!F106)(2!-&*&!
%0?0%&%!01+.!#!*&D&*>420.1!D&*0.%!A*.4D2`!VX!601!.*!#!,<!=*&)+6&1+2! 01'(4%&%!KSJ#OFTU!)A.102+2`!
TUFV7! "MH&D0HTUFV! )1%! F1CF"F'#H#Y@! KSJ! )1+)A.102+2`! ^.'#! )1%! BJBV@! )1%! F1CF"F'#H#Y! 01!
'.6301)+0.1! -0+,! )1+)A.102+2`! F1CF"F'#H#YO^.'#! )1%! F1CF"F'#H#YOBJBV! P1rVH_! 60'&OA*.4D@! 2&&!
=)3(&! V! >.*! %.2&2Q<! F! 2,)6!A*.4D!-)2! 01'(4%&%! P1rV!60'&OA*.4DQ@! +,&2&! )106)(2! 41%&*-&1+! +,&!
D*.'&%4*&2!%&2'*03&%!)3.?&!P#<#<"<"Q7!>.((.-01A!-,0',!+,&!EEF2!-&*&!&CD.2&%!.1(5!P1.+!'()6D&%Q<!
F>+&*!M!6017!60'&!41%&*-&1+!)!6.'/!*&D&*>420.1!D&*0.%!P.>!VX!601!.*!#!,Q<!!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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!
<8MI&-!B0!!",87'6!?&-?'&'%8+,!5+&!+#$-&H'%8+,!+5!(-&-#&'6!8$(;'-78'K&-?-&5I$8+,]!
#86'%-&'6! (+77+,! ('&+%8@! '&%-&=! +((6I$8+,! V178%;[! I,?I#68$;-@X0! d1%&*! %&&D!
)1)&2+,&20)7! +,&! ]4A4()*! ?&01! -)2! ')114()+&%! -0+,! )! 25*01A&! 010+0)((5! '.1+)0101A!
2)(01&! PFQ7! >.*! >4+4*&! )%60102+*)+0.1! .>! +*&)+6&1+2! )1%! %5&<! F! *&'+)(! D*.3&!
'.11&'+&%!+.!)!+,&*6.6&+&*!-)2!012&*+&%!P^Q! 01!.*%&*!+,)+!3.%5!+&6D&*)+4*&!3&!
6)01+)01&%!)+!LZ!|!X<M!vE!4201A!)!,&)+01A!6)+!P1.+!2,.-1Q<!F>+&*!&CD.24*&!.>!+,&!
'.66.1!')*.+0%!)*+&*0&27! +,&5!-&*&!'(0DD&%!4201A!60'*.?&22&(!'(0D2!>.*!M!601!PEQ<!
I4*01A! +,&! >.((.-01A! *&D&*>420.1!D&*0.%7!)! 26)((!-01%.-!-)2!%*0((&%! +,*.4A,! +,&!
2/4((! .>! +,&! )106)(! PIQ7! 24>>42&%! -0+,! )*+0>0'0)(! '&*&3*.2D01)(! >(40%! )1%! &1'(.2&%!
4201A!)!A()22!'.?&*2(0D<!=,&!25*01A&!-)2!&C',)1A&%!>.*!.1&!'.1+)0101A!*,.%)601&!
Yc7!"XX!l(!.>!-,0',!-)2!)%60102+&*&%!M!601!D*0.*! +.!?0&-01A!41%&*!+,&! 01+*)?0+)(!
60'*.2'.D&! PWQ<! i<b<7! ]4A4()*! ?&01@! E<E<F<7! '.66.1! ')*.+0%! )*+&*5@! ^<S<7! 3(..%!
D*&224*&@!J,.<7!J,.%)601&!Yc@!;)(<7!2)(01&<!
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µg or µl/100 !l saline Concentration (µM)
Vehic le 1a (saline) (9 g NaCl in 1 l dH2O) 154k (0.9%w/v)
Vehic le 2b (ethanol/saline) 17 µl ethanol in 83 µl saline 3.7
Ac2-26 100.0 µg 323.7
15-epi-lipoxin A4 0.4 or 4.0 µg 11.3 or 113.5
Lipoxin A4 0.1 or 1.0 µg 2.8 or 28.4
Boc2 10.0 µg 127.2
WRWWWW (WRW4) 55.0 µg 498.1
Ac2-26/Boc2 100.0/10.0 µg 323.7/127.2
Ac2-26/WRW4 100.0/55.0 µg 323.7/498.1
Treatment
Vehic les
FPR2/ALX 
agonists
Ac2-26+ 
antagonists
FPR2/ALX 
antagonists
!
!
!
:'#6-!.0!^+$-$!+5!%&-'%7-,%$!M8H-,!'%!%;-!$%'&%!+5!&-?-&5I$8+,!5+66+L8,M!_**"P0!
!
!
!
!
!
!
)!b&,0'(&!"!'.**&2D.1%2!+.!F1CF"F'#H#Y7!^.'#!)1%!BJBV<!
3!b&,0'(&!#!'.**&2D.1%2!+.!"MH&D0H(0D.C01!FV!)1%!T0D.C01FV<!
!
!
!
!
!
!
!
!
!
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2.2.2 Viewing leukocyte-endothelial interactions (using intravital 
microscopy) 
!
2.2.2.1 Cranial window  
W)',!6.42&!-)2!2&+!.1!)!'42+.6!340(+!2+&*&.+)'+0'!>*)6&!01!)!2D,01C!D.20+0.17!-0+,!+,&!,&)%!A&1+(5!
2&'4*&%!01!D()'&<!=,&!(&>+!D)*0&+)(!3.1&!-)2!&CD.2&%!+,*.4A,!*&6.?)(!.>!(.')(!2/01!)1%!41%&*(501A!
D&*0.2+&46<!F! '0*'4()*! '*)10&'+.65!-)2!D&*>.*6&%! P%0)6&+&*`! #HL!66@! '&1+*&%!)DD*.C06)+&(5! L!
66!>*.6!+,&!'.*.1)(!)1%!2)A0++)(!24+4*&2Q!4201A!)!,0A,H2D&&%!60'*.!%*0((@!+,&!2'.*&%!'0*'(&!.>!3.1&!
-)2! *&6.?&%!4201A! >.*'&D27! +)/01A! ')*&!1.+! +.!%02*4D+! +,&! ?)2'4()+4*&!3&1&)+,! PK0A4*&!ZIQ<! =,&!
%4*)! 6)+&*! -)2! (&>+! 01+)'+! )2! >(4.*&2'&1+(5H()3&((&%! (&4/.'5+&2! 01! +,&! D0)(! 60'*.?)2'4()+4*&! )*&!
?0203(&! +,*.4A,! 0+<! F*+0>0'0)(! '&*&3*.2D01)(! >(40%! P)E;K@! G)s! "VZ<\! 6WNO(7! :s! L<X! 6WNO(7! 8A#s! #<L!
6WNO(7!E)#s!#<L!6WNO(7!E(H!"LM<#!6WNO(7!9E[LH!"_<Y!6WNO(7! ()'+)+&H!"<YZ!6WNO7!D,.2D,)+&!"<"!687!
)1%!A(4'.2&!L<_!68Q!)+!LZ!vE!-)2!42&%!+.!24>>42&!+,&!+0224&!%4*01A!+,02!D*.'&22<!F!"#!66!A()22!
'.?&*2(0D!-)2!D()'&%!.?&*!+,&!&CD.2&%!+0224&!)1%!+,&!)*&)!3&+-&&1!+,&!'.?&*2(0D!)1%!+0224&!>0((&%!
-0+,!)E;K<!80'&!-&*&!(&>+!+.!*&'.?&*!>.*!#X!601!3&>.*&!24*A&*5<!!
2.2.2.2 Intravital fluorescence video microscopy  
80'&! -&*&! )%60102+&*&%! "XX! l(! *,.%)601&! Yc! PX<X#! e! 01! 2)(01&Q! 01+*)?&1.42(5! M! 601! D*0.*! +.!
01+*)?0+)(!60'*.2'.D5!P$b8Q@!*,.%)601&!Yc!02!)!>(4.*&2'&1+!%5&!2&(&'+0?&(5!)32.*3&%!35!(&4/.'5+&2!
)1%! )((.-2! +,&6! +.! 3&! ?0&-&%! 4201A! >(4.*&2'&1'&<! F>+&*! VX!601! .*! #! ,! *&D&*>420.17!60'&! -&*&!
+*)12>&**&%!.1+.!+,&!?0&-01A!2+)A&!.>!)1!$b8!60'*.2'.D&!P[(56D42!p^BY"B$q!60'*.2'.D&@!-)+&*H
066&*20.1!.3]&'+0?&!(&12@!6)A10>0')+0.1!C!VX@!Td8S()1!K$O$JQ<!F!"#!b7!"XX!B!,)(.A&1!(0A,+!2.4*'&!
+,*.4A,!EmL!>0(+&*!-)2!42&%!+.!.32&*?&!+,&!'&*&3*)(!60'*.'0*'4()+0.1!+,*.4A,!+,&!'*)10)(!-01%.-<!
=06&H()D2&!06)A&2!-&*&!')D+4*&%!-0+,!)!E..(;GFS!9y#!3()'/H)1%H-,0+&!')6&*)!)1%!*&'.*%&%!)2!)!
?0%&.!35!;(0%&3../!V<#!2.>+-)*&<!
2.2.2.3 Video analysis 
LHM! *)1%.6(5! 2&(&'+&%! ?&14()*! 2&A6&1+27! LXHZX! l6! 01! %0)6&+&*! )1%! -0+,! )+! (&)2+! "XX! l6! .>!
.32&*?)3(&!(&1A+,7!)1%!.1&!)*+&*0.(&!P01!-,0',!THW!01+&*)'+0.12!-&*&!1.+!2&&1Q!-&*&!>0(6&%!.?&*!#!
601! >.*! &)',! 6.42&<! T&4/.'5+&! *.((01A7! *.((01A! ?&(.'0+5! )1%! )%,&20.1! -&*&! )22&22&%! PK0A4*&! \Q<!
J.((01A!(&4/.'5+&2!-&*&!%&>01&%!)2!'&((2!'*.2201A!)!%&20A1)+&%!3.41%)*5!-0+,01!+,&!"XX!l6!?&22&(!
(&1A+,!)+!)!?&(.'0+5!%02'&*103(5!2(.-&*!+,)1!+,&!'&1+*)(!>(.-@!+,&2&!'.41+2!-&*&!*&D*&2&1+&%!)2!+,&!
1463&*! .>! *.((01A! '&((2O66#! .>! +,&! ?&14()*! 24*>)'&7! .?&*! +,&! )1)(52&%! #! 601! P0<&<! '&((!
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MZ!
'.41+O%0)6&+&*O"XXXQ<! J.((01A! ?&(.'0+5! -)2! ')('4()+&%! )2! +,&! %02+)1'&! +*)?&((&%! 35! )! *.((01A!
(&4/.'5+&O+06&!01!2&'!P&CD*&22&%!)2!l6O2&'Q<!F%,&*&1+!(&4/.'5+&2!-&*&!%&>01&%!)2!+,.2&!*&6)0101A!
2+)+0.1)*5!-0+,01!+,&!?&22&(!>.*!LXt!2&'<!F2!-0+,!+,&!*.((01A!'&((!'.41+2!+,&2&!%)+)!-&*&!&CD*&22&%!)2!
1463&*!.>!)%,&*&1+!'&((2O66#!)2! 01+&*D*&+&%! >*.6!?&22&(!%0)6&+&*7!)224601A!)!'5(01%*0')(! 2,)D&!
P0<&<!'&((!'.41+OP%0)6&+&*!C!!C!"XXQO"XYQ<!
2.2.2.4 Plasma extravasation  
S()26)!&C+*)?)2)+0.1!01!+,&!D.2+H')D0(()*5!?&14(&2!-)2!6&)24*&%<!K(4*.2'&01!02.+,0.'5)1)+&!PK$=EQH
()3&((&%!)(34601!PX<#M!6A!01!M!l(!2)(01&OA!3.%5!-&0A,+@!0<?<Q!-)2!)%60102+&*&%!01+*)?&1.42(5!M!601!
D*0.*!+.!*&'.*%01A<!=,&!>(4.*&2'&1'&!-)2!2-0+',&%!.1!)1%!LHM!21)D2,.+2!.>!?&22&(2!+)/&1!>.*!&)',!
6.42&<! b024)(0j)+0.1! 02! .3+)01&%! 4201A! 3(.'/! >0(+&*! P&C'0+)+0.17! VMXhV_X! 16@! &60220.17! M#MhY#X!
16Q<! F(34601! (&)/)A&! -)2! N4)1+0>0&%! 35! 6&)24*01A! 6&)1! >(4.*&2'&1'&! 01+&120+5! -0+,! 06)A&!
)1)(5202!2.>+-)*&!P$6)A&!iQ<!=,*&&!A*.4D2!.>!+,*&&!-01%.-2!P)DD*.C06)+&(5!MuM!l6Q!-&*&!'*&)+&%!
)1%!D.20+0.1&%!*)1%.6(5!01!+,*&&!*&A0.12!*&()+01A!+.!&)',!?&22&(`!.1&!A*.4D!-)2!D()'&%!-0+,01!+,&!
?&14(&! PK(01Q7! )1.+,&*! )DD*.C06)+&(5! "X! l6! )-)5! >*.6! +,&! ?&22&(! -)((! PK(.4+Q! )1%! +,&! *&6)0101A!
A*.4D!.1!3)'/A*.41%<!P=,02!3)2&(01&!6&)24*&6&1+!-)2!6)%&!>*.6!)!3()'/!3)'/A*.41%!2&'+0.1!.>!
+,&!06)A&!+.!*&D*&2&1+!)1!)*&)!-,&*&!+,&*&!02!1.!(&)/)A&<Q!8&)1!01+&120+5!-)2!')('4()+&%!>.*!&)',!
*&A0.1!)1%!)(34601!(&)/)A&!%&+&*601&%!35!PK(.4+3)2&(01&QOPK(013)2&(01&Qu"XXe<!
2.2.2.5 Blood and tissue collection  
K.((.-01A!6&+,.%2! 01!2&'+0.1!#<#<"7!3(..%!-)2!+)/&1!35!')*%0)'!D41'+4*&!+,*.4A,!+,&!%0)D,*)A6!
01+.! +,&!)D&C!.>! +,&!,&)*+! P#Yc!C! LO\{!1&&%(&!&1+&*01A! +,&! (&>+! ?&1+*0'(&Q! 01+.!)!,&D)*0102&%!"!6(!
25*01A&! P)DD*.C06)+&(5! MXXH_XX! l(! 3(..%O6.42&! '.4(%! 3&! '.((&'+&%Q<! F>+&*! '4((01A7! 3*)012! -&*&!
%022&'+&%!.4+!)1%!21)D!>*.j&1!01!(0N40%!10+*.A&1<!^(..%!-)2!'&1+*0>4A&%!)+!V!vE7!Z!ZXX!A!>.*!Y!601!+.!
50&(%!+,&!D()26)<!^.+,!2)6D(&2!-&*&!2+.*&%!)+!H\X!vE!41+0(!*&N40*&%<!!
2.2.2.6 Statistical analysis 
F((! ?)(4&2! )*&! &CD*&22&%! )2! 6&)1! |;W8! >.*! )((! )106)(2! 01! &)',! +*&)+6&1+! A*.4D! P1Q<! ;+)+02+0')(!
)1)(5202!>.*!$b8!-)2!'.1%4'+&%!4201A!&0+,&*!)!2+4%&1+q2!&!+&2+!P#!A*.4D2Q!.*!35!FG[bF!>.((.-&%!35!
^.1>&**.10!P#!A*.4D2Q<!$1!)((!')2&27!5tX<XM!-)2!'.120%&*&%!20A10>0')1+<!
!
!
!
!
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M\!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
<8MI&-! 90! 4,%&'H8%'6! 78(&+$(+?=! H8@-+! ','6=$8$! V178%;[! I,?I#68$;-@X0! d201A! )1!
01+*)?0+)(! 60'*.2'.D&! PFQ7! (&4/.'5+&2! -&*&! ?0&-&%! >.((.-01A! *,.%)601&! Yc!
01]&'+0.1!P^Q<!b&14()*!PLHMQ!2&A6&1+2!-&*&!0%&1+0>0&%!P(&1A+,`!"XXl6@!%0)6&+&*`!LXH
ZX!l6Q!)1%! (&4/.'5+&! *.((01A7! *.((01A!?&(.'0+5!)1%!)%,&20.1!-&*&!)1)(52&%!.?&*!#!
601! PEQ<! J.((01A! '&((2! PE00<Q! -&*&! 0%&1+0>0&%! )2! +,.2&! +*)?&((01A! )+! )! ?&(.'0+5!
%02'&*103(5!(.-&*!+,)1!+,.2&!01!+,&!>*&&H>(.-01A!'0*'4()+0.1!PE0<Q7!)1%!-&*&!01'(4%&%!
.1! D)2201A! )! >0C&%! D.01+<! J.((01A! ?&(.'0+5! r! %02+)1'&! +*)?&((&%! O! +06&! +)/&1! P2&'Q<!
F%,&*&1+!'&((2!-&*&!0%&1+0>0&%!)2!+,.2&!*&6)0101A!2+)+0.1)*5!>.*!LXt!2&'!-0+,01!+,&!
"XX!l6!2&'+0.1!PE000<Q<!T&4/.'5+&2r3(4&!)**.-2!P^Q!)1%!'0*'(&2!PEQ<!!
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2.2.3 Visualising neutrophil localisation (using magnetic resonance 
imaging) 
!
2.2.3.1 Animal preparation 
WCD&*06&1+2!-&*&!D&*>.*6&%!4201A!6)(&!EMZ^TOY!60'&!-&0A,01A!#LH#M!A<! !F((!)106)(!D*.'&%4*&2!
-&*&! ')**0&%! .4+! 41%&*! (0'&1'&! )1%! '.6D(0&%! -0+,! 9.6&! [>>0'&! *&A4()+0.12! Pc40%)1'&! .1! +,&!
[D&*)+0.1!.>!F106)(27!;'0&1+0>0'!S*.'&%4*&2!F'+7!"_\YQ<!80'&!-&*&!,.42&%!41%&*!'.1%0+0.12!2+)+&%!
01! 2&'+0.1! #<#<"<"! )1%! )%60102+&*&%! "X!6AO/A! (0D.D.(52)'',)*0%&! PTS;@! )1! 01>()66)+0.1H01%4'01A!
3)'+&*0)(! >*)A6&1+Q! .*! ?&,0'(&! P2)(01&Q! 0<D<7! D*0.*! +.! 06)A01A! 4201A! )! A)%.(01046! Pc%QP$$$QH3)2&%!
'.1+*)2+!)A&1+!3.1%&%!+.!)!D&D+0%&!(0A)1%!>.*!KD*"!P'KTKTK:@!K0A4*&!_Q<!!
=,&! >.((.-01A! %)57! )106)(2! -&*&! )1)&2+,&+02&%! 4201A! 02.>(4*)1&! P01%4'&%! -0+,! V<Me! 02.>(4*)1&@!
#<Me![#!)1%!6)01+)01&%!41%&*!)1)&2+,&20)!)+!"H"<Me!02.>(4*)1&@!"<Me![#Q<!=,&!(&>+!]4A4()*!?&01!-)2!
')114()+&%!>.*!)%60102+*)+0.1!.>!'.1+*)2+!)A&1+7!4201A!)!"<M!6!(&1A+,!.>!SWH"X!+4301A!01!.*%&*!+,)+!
+,&! )A&1+! '.4(%! 3&! )%60102+&*&%! >*.6! .4+20%&! +,&! 8J$! 6)',01&<! =,&! ')114()! 0+2&(>! P0120%&!
%0)6&+&*!X<#\!66@!(&1A+,!"<M!6@!+.+)(!?.(46&!LZX!l(Q!'.1+)01&%!MX!l(!2)(01&!)+!+,&!&1%!D*.C06)(!+.!
+,&!6.42&!)1%7!%02+)((57!L#X!l(!'.1+*)2+!)A&1+!P.*!c%HI[=F!'.1+*.(!P^.42N4&+7!;)010!&+!)(<!"_\\Q@!)!
-0%&(5H42&%! 2+)3(&7! 41+)*A&+&%! '.1+*)2+! )A&1+Q<! b&+3.1%! +0224&! )%,&20?&! -)2! 42&%! +.! '(.2&! +,&!
.D&101A!+.!*&%4'&!,&)+!)1%!>(40%!(.22!-,0(&!60'&!-&*&!+*)12>&**&%!+.!+,&!8J$!2')11&*<!!
80'&!-&*&!D()'&%! 01!)! 2+&*&.+)'+0'! >*)6&!-0+,01!)!Z#!667!?.(46&!N4)%*)+4*&!'.0(7!-0+,!)! *&'+)(!
+,&*6.6&+&*! *&'.*%01A! 3.%5! +&6D&*)+4*&! P6)01+)01&%! )+! LZ! |! "<X! vEQ! )1%! )! 3)((..1! D*&224*&!
2&12.*!3&(.-!+,&!',&2+!+.!6.10+.*!*&2D0*)+0.1!*)+&<!W)',!.>!+,&2&!D)*)6&+&*2!-)2!*&'.*%&%!>*.6!)!
'.1+*.(!*..6!)1%!)1)&2+,&20)!)%]42+&%!)''.*%01A!+.!>(4'+4)+0.12!01!+,&!2+)30(0+5!.>!&)',!6.42&<!!
2.2.3.2 Diffusion-weighted MRI using a gadolinium-linked contrast agent 
[1'&! )106)(2! -&*&! 2&'4*&(5! D.20+0.1&%7! +,&! '.0(! -)2! D()'&%! 01! +,&! '&1+*&! .>! +,&!8J$!6)',01&<!
B0*&2! *&'.*%01A! ?0+)(! 20A12! )1%! +,&! ')114()!-&*&! +,*&)%&%!.4+20%&! >.*! )''&22<! F! _<V! +&2()! P_<V=Q!
8J$! 6)',01&! -)2! 42&%7! -,0',! D*.%4'&2! )! 6)A1&+0'! >0&(%! 2+*&1A+,! )3(&! +.! D*.?0%&! )DD*.D*0)+&!
*&2.(4+0.1! >.*! 06)A01A! ?&*5! 26)((! *.%&1+2<! ^)2&(01&! )'N4020+0.12! .>! +,&! -,.(&! 3.%5! PZ! 2(0'&27! Y!
)?&*)A&2!.?&*!"!601!LX!2&'Q7!3*)01O,&)%!P"#!2(0'&27!Y!)?&*)A&2!.?&*!V!601!#L!2&'Q!)1%!)3%.6&1!P"#!
2(0'&27!Y!)?&*)A&2!.?&*!V!601!#L!2&'Q!-&*&!+)/&17!#V!,!)>+&*!010+0)(!TS;!01]&'+0.1<!"!66.(O/A!'.1+*)2+!
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YX!
)A&1+! -)2! 01]&'+&%! .?&*! M! 6017! )1%! 2432&N4&1+! )'N4020+0.12! +)/&1! '.1+014.42(5! D.2+H01]&'+0.17!
>*.6!+,&!-,.(&!3.%57!3*)01!)1%!)3%.6&1!01!2&N4&1+0)(!*.+)+0.1<!!
2.2.3.3 Tissue collection (for 2.2.3.2) 
F!"X!6(!25*01A&!'.1+)0101A!2)(01&!-)2!012&*+&%!01+.!+,&!(&>+!?&1+*0'(&!.>!+,&!,&)*+<!F!26)((!'4+!-)2!
6)%&!01!+,&!*0A,+!)+*046!)1%!+,&!6.42&!D&*>42&%!-0+,!"X!6(!2)(01&7!>.((.-&%!35!"X!6(!Ve!SKF<!=,&!
3*)017! (41A!P4DD&*!*0A,+!(.3&Q7!2D(&&17!(0?&*!P6&%0)1!(.3&Q!)1%!6&2&1+&*5!-&*&!*&6.?&%<!;)6D(&2!
-&*&!2+.*&%!01!Ve!SKF!)+!V!vE!.?&*10A,+!01!30].4!+43&2!+,&1!+*)12>&**&%!01+.!>*&2,!+43&2!'.1+)0101A!
LXe! 24'*.2&<! [1'&! 2)+4*)+&%7! 2)6D(&2! -&*&! &63&%%&%! 01! 6.41+01A! 6&%046! >.*! '*5.+.65!
P.D+0646!'4++01A!+&6D&*)+4*&@![E=Q!)1%!2+.*&%!)+!H#X!vE!41+0(!*&N40*&%<!
2.2.3.4 Analysis 
80'&! *&'&0?&%! &0+,&*!c%HI[=F! .*!c%P$$$QH'KTKTK:! '.1+*)2+! )A&1+<! ;0A1)(! 01+&120+0&2! >.*!8J$!-&*&!
*&'.*%&%! 4201A! $6)A&! i! 2.>+-)*&! )1%! *&()+0?&! '.1+*)2+! ')('4()+&%! -,&*&! D*&H01]&'+0.1! 01+&120+5!
&N4)(2! pXq! )1%! D&)/! 01+&120+5! &N4)(2! p"q<! $1! K0A4*&! L"! )1%! K0A4*&! L#! 6&)12! )*&! ')('4()+&%! .>!
01+&120+0&2!)'*.22!)((!2(0'&2!.>!+,&!3*)01O,&)%@!&**.*!3)*2!|;W8!01!3.+,!A*.4D2<!
!
!
!
!
!
!
!
!
!
!
 Chapter 2                          Materials and Methods 
!
Y"!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
<8MI&-! O0! W$8,M! '! `@V444XJ(<T<T<a! (+,bIM'%-! (+,%&'$%! 'M-,%! 8,! H8$I'68$8,M!
,-I%&+?;86$!L8%;!DA40!F!c%P$$$QH'KTKTK:!'.1]4A)+&!PFQ!-)2!42&%!)2!)!'.1+*)2+!)A&1+!
01! ?0&-01A! 1&4+*.D,0(! (.')(02)+0.1! >.((.-01A! "X!6AO/A! TS;! 01! 60'&<! c%P$$$QH3.41%!
'KTKTK:!301%2!+.!KD*"!.1!1&4+*.D,0(2!P^Q@!c%P$$$Q!01'*&)2&2!9#[!*&()C0?0+5!-,0',!)2!)!
*&24(+! 01'*&)2&2! 8J$! '.1+*)2+! 01! *&A0.12! .>! ,0A,! 1&4+*.D,0(! '.1'&1+*)+0.1! PEQ<!
K0A4*&! _F! )%)D+&%! >*.6! P;+)204/7! ;60+,! &+! )(<! #X"LQ@! K0A4*&! _^OE! P;60+,!
d1D43(02,&%Q<!
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2.3 Methods 2: In vitro tissue analyses following 
cerebral ischaemia/reperfusion 
2.3.1 Mouse global stroke model 
!
2.3.1.1 Plasma cytokine concentration (using bead array) 
^(..%! -)2! +)/&1! 35! ')*%0)'! D41'+4*&! )1%! 2+.*&%! P)2! %&2'*03&%! 01! #<#<#<MQ<! ;)6D(&2! >*.6! V!
+*&)+6&1+!A*.4D2!P1rL!60'&OA*.4D@!A*.4D2`!2,)67!?&,0'(&7!F1CF"F'#H#Y!)1%!"MH&D0HTUFV@!2&&!=)3(&!
V! >.*! %.2&2Q! -&*&! %&>*.2+&%! .1! 0'&! )1%! (&?&(2! .>! $THY7! $TH"X7! 8ESH"7! $KGH7! =GK! )1%! $TH"#DZX!
%&+&'+&%!4201A!)!'5+.6&+*0'!3&)%!)**)5!/0+<!E5+./01&!'.1'&1+*)+0.12!-&*&!6&)24*&%!4201A!)! >(.-!
'5+.6&+&*! -,0',! ')('4()+&%! (&?&(2! >*.6! )! 3&2+H>0+! '4*?&! 3)2&%! .1! 2&*0)(! %0(4+0.12! .>! 2+)1%)*%!
2.(4+0.12!P1r"XQ7!+,&1!)1)(52&%!4201A!KEFS!F**)5!L<X!2.>+-)*&<!!
2.3.1.2 Leukocyte activation (using myeloperoxidase assay) 
B,.(&! 3*)01! 2)6D(&2! >*.6! &)',! '.1%0+0.1! -&*&! ,.6.A&102&%! 01! L! 6(! X<Me! ,&C)%)'5(!
+*06&+,5()66.1046!3*.60%&!P9=F^@!01!%9#[Q<!9.6.A&1)+&2!-&*&!>*&&j&H+,)-&%!+-0'&!+.!%02*4D+!
'&((2!6&63*)1&27!)((.-01A!%&+&'+0.1!.>!01+*)'&((4()*!8S[<!;)6D(&2!-&*&!+,&1!'&1+*0>4A&%!)+!#MXX!
A!>.*!"X!601!)1%!+,&!D*.+&01!'.1'&1+*)+0.1!.>!+,&!24D&*1)+)1+2!-)2!6&)24*&%!4201A!)!G)1.I*.D!
P)?&*)A&! .>! #! 6&)24*&6&1+2O2)6D(&@! )! p3()1/q! 9=F^! *&)%01A! -)2! *&'.*%&%! >.*! )! 3)2&(01&!
6&)24*&6&1+Q<! ;4D&*1)+)1+2! -&*&! +*)12>&**&%! 01+.! )! _YH-&((! D()+&! )1%! "YX! ~(! X<XXVe!
+&+*)6&+,5(3&1j0%01&! P=8^@! 01!%06&+,5(! 24(>.C0%&@!I8;[Q!)1%!#X!~(!9#[#! +.!#X!~(!-)2!)%%&%! +.!
&)',<!S()+&2!-&*&!01'43)+&%!>.*!YX!601!)+!*..6!+&6D&*)+4*&!)>+&*!-,0',!)1!.D+0')(!%&120+5!*&)%01A!
-)2!+)/&1!4201A!)!2D&'+*.D,.+.6&+&*!)+!VMX!16<!!
2.3.1.3 Annexin A1 and phospho-ERK expression (using Western blots) 
B,.(&! 3*)01! 2)6D(&2! -&*&! ,.6.A&102&%! 01! L! 6(! D,.2D,)+&! 34>>&*&%! 2)(01&! PS^;QOD*.+&01)2&!
01,030+.*! P"! +)3(&+O"X! 6(! S^;Q<! S*.+&012! -&*&! *41! .1! )! GdHSFcW! A&(! )1%! +*)12>&**&%! .1+.! )!
10+*.'&((4(.2&!6&63*)1&<!S*06)*5!)1+03.%0&2!>.*!F1C"!P"`"XXX@!*)02&%!01!*)330+Q7!WJ:7!D,.2D,.HWJ:!
PDHWJ:@!3.+,!WJ:!)1%!DHWJ:!)1+03.%0&2!"`"XXX!)1%!*)02&%!01!*)330+Q!)1%!gH)'+01!P"`#X!XXX@!*)02&%!01!
6.42&Q! -&*&! 42&%! -0+,! 2&'.1%)*5! )1+03.%0&2! )1+0H*)330+! P"`LX! XXXQ! )1%! D&*.C0%02&! ,.*2&! )1+0H
6.42&! P"`#XX@! gH)'+01! .1(5Q<! F1+03.%0&2! -&*&! %0(4+&%! 01! Me! 3.?01&! 2&*46! )(34601! P^;FQ! *)+,&*!
+,)1! Me! 60(/! +.! D*&?&1+! 1.1H2D&'0>0'! 301%01A! .>! 60(/! D,.2D,.HD*.+&012! +.! +,&! DWJ:! )1+03.%5<!
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F1+03.%0&2!-&*&! ?024)(02&%! 4201A! )! ',&60(4601&2'&1'&! /0+! )1%! 20A1)(! 01+&120+5O?.(46&! *&'.*%&%!
4201A!$6)A&!i<!
2.3.1.4 Statistical analysis 
F((! ?)(4&2! )*&! &CD*&22&%! )2! 6&)1! |;W8! >.*! )((! )106)(2! 01! &)',! +*&)+6&1+! A*.4D! P1Q<! ;0A1)(!
01+&120+0&2! -&*&! *&'.*%&%! 4201A! $6)A&! i! 2.>+-)*&! -,&*&! )DD(0')3(&! )1%! 2+)+02+0')(! )1)(5202! -)2!
'.1%4'+&%! 4201A! &0+,&*! )! 2+4%&1+q2! &! +&2+! P#! A*.4D2Q! .*! 35! FG[bF! >.((.-&%! 35! ^.1>&**.10! P#!
A*.4D2Q<!I0>>&*&1'&2!3&+-&&1!A*.4D2!01!-&*&!%&+&*601&%!35!+,&!8)11HB,0+1&5!+&2+<! $1!)((!')2&27!
5tX<XM!-)2!'.120%&*&%!20A10>0')1+<!
!
!
!
!
!
!
!
!
!
!
!
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2.3.2 Human blood samples 
!
2.3.2.1 Obtaining human blood samples (control and post-stroke) 
F((!-.*/!01!+,02!2&'+0.1!P#<L<#Q!-)2!')**0&%!.4+!01!(01&!-0+,!+,&!I&'()*)+0.1!.>!9&(201/0!)1%!*&'&0?&%!
&+,0')(!)DD*.?)(!>*.6!G9;!J&2&)*',!W+,0')(!E.660++&&!PJ&>&*&1'&!1463&*`!#XX_7!XVOyXVX"OVXQ<!
b&*3)(!'.12&1+!-)2!.3+)01&%!>*.6!,&)(+,5!P1.!/1.-1!',*.10'!.*!)'4+&!0((1&22&2Q!,46)1!?.(41+&&*2!
>.*!+,&!'.((&'+0.1!.>!#X!6(!-,.(&!3(..%<!^(..%!-)2!&C+*)'+&%!01+.!)!25*01A&!P'.1+)0101A!#!6(!"<Me!
&+,5(&1&%0)601.+&+*))'&+0'!)'0%!PWI=FQ!%02.%046!2)(+!%&,5%*)+&Q!?0)!2+)1%)*%!6&%0)1!'430+)(!?&01!
1&&%(&!012&*+0.1<!;)6D(&2!-&*&!'.((&'+&%!.1!)!%&20A1)+&%!20+&!)+!9)66&*260+,!9.2D0+)(!P$6D&*0)(!
E.((&A&!T.1%.1Q!01!)''.*%)1'&!-0+,!2+)1%)*%!.D&*)+01A!D*.'&%4*&2!)1%!42&%!066&%0)+&(5<!b&*3)(!
)1%!-*0++&1!'.12&1+!-)2!.3+)01&%!01!.*%&*!+.!.3+)01!3(..%!2)6D(&2!>*.6!,46)1!2+*./&!D)+0&1+27!
-&! '.(()3.*)+&%! -0+,! +,&! p^JF$G2q! +*0)(! )+! E,)*01A! E*.22! 9.2D0+)(! P$6D&*0)(! E.((&A&! T.1%.1Q<!
S)+0&1+2!-&*&!"\s!5!.(%@!,)%!41%&*A.1&!*)%0.(.A0')(!'.1>0*6)+0.1!.>!2+*./&7!)1%!-.4(%!,)?&!3(..%!
2)6D(&2! '.((&'+&%! -0+,01! _Y! ,! 2+*./&! .12&+<! V6(! .>! 3(..%! -)2! '.((&'+&%! 4201A! +,&! b)'4+)01&*!
252+&67! 2&)(&%! 01!)!:#HWI=F! +43&!)1%! +*)12D.*+&%! +.!9)66&*260+,!9.2D0+)(! 01!)''.*%)1'&!-0+,!
2+)1%)*%!.D&*)+01A!D*.'&%4*&2!>.*!066&%0)+&!42&<!
2.3.2.2 Blood separation 
946)1!3(..%!2)6D(&2!-&*&!)%%&%!+.!&N4)(!N4)1+0+0&2!.>!J.2-&((!S)*/!8&6.*0)(! $12+0+4+&!PJS8$Q!
6&%046<!Y!6(!.>! +,&!&)',!60C+4*&!-)2!'&1+*0>4A&%!.1!)!,02+.D)N4&!"XZZ! P+.D! ()5&*7!L!6(QO"""_!
P(.-&*! ()5&*7! L! 6(Q! A*)%0&1+! >.*! LX! 601! P2&++01A2`! VXX! A@! )''&(&*)+0.1! Y@! 3*)/&! X@! *..6!
+&6D&*)+4*&Q<! G&4+*.D,0(2! )1%! 6.1.'5+&2! -&*&! *&6.?&%! >*.6! +,&0*! *&2D&'+0?&! ()5&*2! )1%!
+*)12>&**&%! +.! "M!6(! >)('.1! +43&2! P4D! +.! Y!6(! +.+)(! ?.(46&! 01!JS8$O"M6(! +43&Q<! =43&2! '.1+&1+2!
-&*&!01'*&)2&%!+.!"#!6(!-0+,!JS8$!)1%!'&1+*0>4A&%!>.*!"M601!PVXX!A@!)''&(&*)+0.1!Y@!3*)/&!X@!*..6!
+&6D&*)+4*&Q<!;4D&*1)+)1+2!-&*&!*&6.?&%!)1%!D&((&+2!*&H242D&1%&%!01!*&6)0101A!2.(4+0.1<!Z<M!6(!
'.(%! %%9#[! -)2! )%%&%! +.! &)',! +43&! +.! (52&! '&((27! +,&! *&24(+01A! '.1+&1+2! 6)%&! 02.+.10'! 35! +,&!
)%%0+0.1!.>!#<M!6(O+43&!G)E(!2.(4+0.1!)+!L<Ye!+,&1!'&1+*0>4A&%!>.*!"X!601!PVXX!A@!)''&(&*)+0.1!Y@!
3*)/&! X@! *..6! +&6D&*)+4*&Q<! ;4D&*1)+)1+2! -&*&! *&6.?&%! )1%! D&((&+2! *&242D&1%&%! 01! +,&!
*&6)0101A!2.(4+0.1<!"V!6(!JS8$!-)2!)%%&%!+.!&)',!+43&!)1%!2)6D(&2!-&*&!'&1+*0>4A&%!)A)01!>.*!"X!
601! PVXX!A@!)''&(&*)+0.1!Y@!3*)/&!X@!VXX!A@! *..6!+&6D&*)+4*&Q<!=,&!24D&*1)+)1+2!-&*&!*&6.?&%!
)1%! '&((2! '.41+&%!.1! )! ,)&6.'5+.6&+&*! 4201A! =4*/q2! 2.(4+0.1! P"X!l(! '&((2O2.(4+0.1`_X!l(! =4*/q2Q7!
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+,&1!*&H242D&1%&%!)+!+,&!%&20*&%!'.1'&1+*)+0.12V!PM!C!"XY!6.1.'5+&2O6(Q!01!JS8$!s!X<"e!^;F!sTH
A(4+)601&<!
2.3.2.3 Assessing migratory properties of leukocytes (using chemotaxis assay) 
8.1.'5+&2!-&*&!+*&)+&%!-0+,!)1!KSJ!(0A)1%!PF1CF"F'#H#Y!.*!TUFV@!3.+,!"!l8Q!.*!2)(01&!>.*!"X!601!
LZ.E!)1%!Me!E[#<!F!3)2&(01&!P1.!+*&)+6&1+Q!'.1+*.(!A*.4D!-)2!)(2.!01'(4%&%<!80A*)+.*5!D*.D&*+0&2!
.>!+,&!'&((2!>.((.-01A!+*&)+6&1+!-&*&!)22&22&%!4201A!_YH-&((!D.(5')*3.1)+&!',&6.+)C02!D()+&2<!!
=.!D*&D)*&!+,&!)22)57!#\!~(!.>!JS8$!s!X<"e!^;F!s!"e!THA(4+)601&!s!',&6.)++*)'+)1+!P8ESH"7!X<_!
l8@! >8TS7!1x10-5! l8Q! .*! ?&,0'(&! PJS8$! s! X<"e! ^;FQ!-)2! )%%&%! +,*.4A,! *&?&*2&! D0D&++01A! 01+.!
&)',!-&((<!F!D.*.42!6&63*)1&!PD.*&!%0)6&+&*!M!~6@!D()+&!+5D&!"X"HMQ!-)2!D()'&%!.?&*!+,&!D()+&!
)1%!#M!~(!.>!+,&!D*&H+*&)+&%!6.1.'5+&2!(.)%&%!.1+.!+,&!4DD&*!24*>)'&!.>!+,&!6&63*)1&7!%0*&'+(5!
)3.?&! &)',! -&((<! F22&63(&%!6&63*)1&2OD()+&2! -&*&! 01'43)+&%! >.*! "<M! ,! )+! LZ! .E! )1%! Me! E[#!
3&>.*&!3&01A!-)2,&%!-0+,!#M!~(!0'&%!"<Me!WI=F!%02.%046!2)(+!%&,5%*)+&O-&((!)1%!'&1+*0>4A&%!>.*!M!
601!PVXX!A@!)''&(&*)+0.1!V@!3*)/&!V@!#X!.EQ<!=,&!'&((4()*!'.1+&1+2!.>!&)',!-&((!-&*&!'.41+&%!4201A!
=4*/q2!2.(4+0.1!)2!%&2'*03&%!)3.?&!P#<L<#<#Q<!!!
2.3.2.4 Statistical analysis 
F((!?)(4&2!)*&!&CD*&22&%!)2!6&)1!|;W8!>.*!6.1.'5+&!D.D4()+0.12!01!&)',!A*.4D!P1Q7!-,&*&!A*.4D2!
)*&! %&>01&%!-0+,! *&2D&'+! +.! '&((! +*&)+6&1+7! '&((! 2.4*'&! PD)+0&1+2! ?&*242! ,&)(+,5! ?.(41+&&*2Q! )1%!
',&6.)++*)'+)1+!42&%<! ;+)+02+0')(! )1)(5202!.>! &60A*)+&%! '&((! '.41+2!-)2! '.1%4'+&%!4201A!&0+,&*! )!
2+4%&1+q2! &! +&2+! P#!A*.4D2Q!.*!35!FG[bF! >.((.-&%!35!^.1>&**.10! P#!A*.4D2Q<! $1!)((! ')2&27!5tX<XM!
-)2!'.120%&*&%!20A10>0')1+<!
!
!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!! !
V!E&((!'.1'&1+*)+0.1!r!1.<!'&((2!C!%0(4+0.1!>)'+.*!C!"XV!r!'&((2O6(! ! ! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
PI0(4+0.1!>)'+.*`!"X4(!'&((2! _X!~(!=4*/q2!r!"`"X!r!"XQ!
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3.1 Introduction 
3.1.1 BCCAO model 
!
=,&!010+0)(!)06!.>!+,02!D*.]&'+!-)2!+.!%&?&(.D!)!2+*./&!6.%&(!+,)+!-.4(%!D*.%4'&!)!D.2+H02',)&60'!
01>()66)+.*5!*&2D.12&!.32&*?)3(&!+,*.4A,! 01+*)?0+)(! >(4.*&2'&1'&!?0%&.!60'*.2'.D5!P$b8Q!.>! +,&!
&CD.2&%!6.42&!'&*&3*46<!^EEF[!02!1.+!)1!&C)'+!*&D(0')!.>!,46)1!2+*./&!P2&&!2&'+0.1!"<"<#<MQ@!0+!
027!,.-&?&*7! *&()+0?&(5! 206D(&! +.!&C&'4+&<! $+!D*.?0%&2!)!6.%&(!.>! '&*&3*)(! $OJ!-,0',! 02! )3(&! +.!3&!
?0&-&%!4201A!$b8n)1!&C'&((&1+!-)5!.>!6.10+.*01A!THW!01+&*)'+0.12!%4*01A!01>()66)+0.1n)1%!6)5!
3&! 42&%! +.! %&6.12+*)+&! &>>0')'5! .>! )1+0H01>()66)+.*5! )A&1+2<! I4*01A! +,&! %&?&(.D6&1+! .>! +,&!
6.%&(7! ',)1A&2! +.! +,&!D*.+.'.(!)1%!6.42&!2D&'0>0')+0.12!-&*&!6)%&! +.! 06D*.?&!)106)(! 24*?0?)(!
)1%! '.1202+&1'5! .>! .4+'.6&2<! =,&2&! )*&! %02'422&%! 3&(.-! POCCMP# .%/*?Q! )1%! 01! +,&! >.((.-01A!
2&'+0.1! P=%7+*# +5*,!6!,-&!%"+@! XQM7! )1%! *&24(+2! -,0',! %&>01&%! +,&! 4(+06)+&! 6.%&(! 42&%! )*&!
%&2'*03&%!01!+,&!:*+7?&+!2&'+0.1!PL<LQ!.>!+,02!',)D+&*<!!
3.1.1.1 Timeframe and practical hurdles 
F>+&*! A)0101A! +,&! )DD*.D*0)+&! D&*2.1)(! )1%! D*.]&'+! (0'&1'&2! >.*! D*.2D&'+0?&! &CD&*06&1+2! PLHV!
6.1+,2Q7! +,&! 010+0)(! 2+&D! 01! %&?&(.D01A! +,&! 6.%&(! -)2! (&)*101A! *&(&?)1+! )106)(! ,)1%(01A! )1%!
24*A&*5<! =,02! 01?.(?&%! p2'*4>>01Aq!60'&7! 2.! +,)+! +,&5! '.4(%!3&!A0?&1! '.1202+&1+7! *&()+0?&(5!D)01(&22!
0<D<! 01]&'+0.12@! 24*A0')(! D*.'&%4*&2! 01'(4%01A! ')114()+0.1! .>! +,&! ]4A4()*! ?&0127! ^EEF[7! %*0((01A!
'*)10)(!-01%.-2!)1%!252+&60'!D&*>420.1!+,*.4A,!+,&!,&)*+!)2!-&((!)2!2432&N4&1+!+0224&!'.((&'+0.1@!
)%60102+*)+0.1!.>! )1)&2+,&+0'27! )1%!42&!.>! +,&! 01+*)?0+)(!60'*.2'.D&!-0+,! )! (0?&! )106)(<! T&)*101A!
+,&2&!D*)'+0')(!D*.'&%4*&2!+../!4D!+.!L!6.1+,2<!I4*01A!+,&!2432&N4&1+!LHV!6.1+,27!&CD&*06&1+2!
-&*&! '.1%4'+&%! P)2! %&2'*03&%! 01! +,02! ',)D+&*Q! 01! .*%&*! +.! %&+&*601&! +,&! 240+)3(&! )1)&2+,&+0'7!
02',)&60'! )1%! *&D&*>420.1! D&*0.%27! )1%! 6.42&! 2D&'0>0')+0.12n+,.2&! 3&(.-! #X! A! -&*&! >)*! (&22!
*&20(0&1+!+.!24*A&*5<!!
3.1.1.2 Duration of ischaemia and additional variations to protocol 
=)3(&! M! %&+)0(2! +&',10')(! )2D&'+2! .>! 2&?&*)(! *&'&1+! 2+4%0&2! -,0',! 01?.(?&%! ^EEF[! >.((.-&%! 35!
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3.1.2 Mouse specifications 
!
3.1.2.1 Strain  
EMZ^TOY!60'&!-&*&!',.2&1!>.*!+,02!D*.]&'+<!KD*#OLHOH!)1%!F1CF"HOH!60'&!.1!)!EMZ^TOY!3)'/A*.41%!
)*&! )(*&)%5! 01! &C02+&1'&! P)(+,.4A,! 1.1H'.66&*'0)((5! )?)0()3(&Q7! 6)/01A! +,02! 2+*)01! D*&>&*)3(&!
2,.4(%!+,&!-.*/!3&!&C+&1%&%<!
^)2&%! .1! D43(02,&%! %)+)7! EMZ^TOY! 60'&! )*&! )(2.! 0%&)(! >.*! )! '.6D(&+&! )1%! '.1202+&1+! 6.%&(! .>!
A(.3)(! '&*&3*)(! 02',)&60)<! =,&5! ,)?&! 2432+)1+0)((5! 26)((&*! '*.22H2&'+0.1)(! %0)6&+&*2! .>! +,&!
D.2+&*0.*! '.66410')+01A! )*+&*5! )1%! (&22! '.(()+&*)(! '0*'4()+0.1! +,)1! .+,&*! 2+*)0127! -,0',! -.4(%!
24DD(5! +,&! 3*)01! -0+,! 3(..%! %4*01A! .''(420.1! .>! +,&! EEF2! PE.11.((57!B01>*&&! &+! )(<! "__Y7! m)1A7!
:0+)A)-)! &+! )(<! "__Z7! :0+)A)-)7!8)+246.+.! &+! )(<! "__\Q<! $1! )%%0+0.17! +,&2&!60'&! 2,.-! A*&)+&2+!
1&4*.1)(! %)6)A&! )>+&*! )1! 02',)&60'! 0124(+! -,&1! '.6D)*&%! -0+,! $EJ7! ^FT^O'7! EL97! E^F7! %%m7!
I^FO#!Pm)1A7!:0+)A)-)!&+!)(<!"__ZQ!)1%!;b"#_!PB&((.127!;,&1A!&+!)(<!#XXXQ!2+*)012<!!
3.1.2.2 Weight 
$1!D*&(0601)*5!&CD&*06&1+27!60'&!-&0A,01A!41%&*!"_!A!%0%!1.+!24*?0?&!)1!02',)&60'!D&*0.%!(.1A&*!
+,)1!#X!601<!F2!60'&! ()*A&*! +,)1!LX!A!-0((!,)?&!6.*&!D)+&1+!'.(()+&*)(!)>>&*&1+!3*)01!'0*'4()+0.1!
PE.11.((57!B01>*&&!&+!)(<!"__YQ7!-&!42&%!60'&!-&0A,01A!3&+-&&1!#LH#\!A<!
3.1.2.3 Sex  
8)(&!60'&!.1(5!-&*&!42&%!2.!+,)+!,.*6.1)(!',)1A&2!%4*01A!+,&!.&2+*.42!'5'(&!%0%!1.+! 01>(4&1'&!
*&24(+2<!
!
!
!
!
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3.2 Additional methods 
3.2.1 Variations in BCCAO protocol 
!
B,0(&! %&?&(.D01A! +,&! 6.%&(! %&2'*03&%! 01!=*&)%/+! 2&'+0.1! #<#<"7! ?)*0.42! &)*(0&*! 6&+,.%2! -&*&!
+*0)((&%!3&>.*&!)**0?01A!)+!+,&!D*.+.'.(!-,0',!D*.%4'&%!(.-!6.*+)(0+5!)1%!'.1202+&1+!01>()66)+.*5!
*&2D.12&2<!=,&2&!6&+,.%2!)*&!%&2'*03&%!01!+,02!2&'+0.1!PM//!&!%"-?#.*&)%/+Q<!!
3.2.1.1 Variations in method of vessel occlusion and duration of ischaemia 
80'&!-&*&!)1)&2+,&+02&%!)1%!D*&D)*&%!>.*!24*A&*5!)2!%&2'*03&%!D*&?0.42(5!P2&&!2&'+0.1!#<#<"<"Q<!=.!
D&*>.*6! ^EEF[7! EEF2! -&*&! &CD.2&%! >4((5! 2.! +,)+! >.*'&D2! '.4(%! 3&! 2(0DD&%! 41%&*1&)+,<! F! 20(/!
+,*&)%!-)2!D)22&%!41%&*1&)+,! )!EEF!)1%! +0&%! 01! )! (..2&! /1.+! )1%! +,&! 2)6&! ')**0&%!.4+!.1! +,&!
.+,&*!20%&7!3&>.*&! +0A,+&101A! +,*&)%2!)*.41%!+,&!?&22&(2<!F>+&*! 02',)&60'!D&*0.%2!.>!M7!\7!"X7!"M7!
LX7!VM!601!.*!"!,7!/1.+2!-&*&!*&(&)2&%!)1%!+,&!*&246D+0.1!.>!3(..%!>(.-!)22&22&%!?024)((5!>.*!VX!
601!*&D&*>420.1!010+0)((5<!F!(.1A&*!*&D&*>420.1!D&*0.%!.>!V!,!-)2!)(2.!42&%@!>.((.-01A!)!Xe!24*?0?)(!
*)+&!>.*!V!,!P1rVQ7!+,&!6)C0646!*&D&*>420.1!D&*0.%!-)2!*&%4'&%!+.!#!,<!=,&!42&!.>!(0A)+4*&2!-)2!
4(+06)+&(5!*&D()'&%!-0+,!42&!.>!60'*.?&22&(!'(0D2<!
3.2.1.2 Anaesthetic 
F106)(2!-&*&! 010+0)((5! )1)&2+,&+02&%!-0+,! )1! 0<D<! 01]&'+0.1! .>! /&+)601&! P"MX!6AO/AQ! )1%! C5()j01&!
PZ<M!6AO/AQ!)2!+,02!'.6301)+0.1!,)%!D*.?0%&%!%&&D!)1%!)%&N4)+&!)1)&2+,&20)!01!D*&?0.42!-.*/!35!
.4*! A*.4D<! S&1+.3)*30+)(! 2.%046! P"XX!6AO/AQ! -)2! 42&%! 01! ()+&*! &CD&*06&1+2! )2! +,02! 2&&6&%! +.!
)?.0%!*&2D0*)+.*5!24DD*&220.1!.32&*?&%!%4*01A!^EEF[!41%&*!/&+)601&OC5()j01&!)1)&2+,&20)<!!
3.2.1.3 Tracheotomy 
80'&! -&*&! +*)',&.+.602&%! -0+,! )! SWH_X! ')+,&+&*! )++)',&%! +.! )! *.%&1+! ?&1+0()+.*! 2&+! +.! +0%)(!
?.(46&! X<Z! 6(! )1%! 3*&)+,01A! *)+&! "#XO601! PB&((.127! ;,&1A! &+! )(<! #XXXQ<! ;+&*1.,5.0%&42! )1%!
2+&*1.+,5*.0%042!642'(&2!-&*&! 2&D)*)+&%!-0+,! ')*&!1.+! +.!D4+!D*&224*&!.1! +,&! +*)',&)!.*! ')42&!
+0224&!%)6)A&<!=,&!+*)',&)!-)2!&CD.2&%!)1%!)!%.43(&%!20(/!+,*&)%!D)22&%!41%&*1&)+,<!=-.!(..2&!
/1.+2!-&*&!'*&)+&%!)1%!)!26)((!01'020.1!-)2!6)%&!3&+-&&1!+,&6<!=,&!*.2+*)(!/1.+!-)2!+0A,+&1&%!
)1%!+,&!')+,&+&*!D)22&%!01+.!+,&!01'020.17!+,&1!2&'4*&%!-0+,!+,&!')4%)(!/1.+<!!
!
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3.3 Results 
3.3.1 Five minutes ischaemia generates a significant inflammatory 
response 
!
80'&!-&*&!243]&'+&%!+.!M7!\7!"X7!"M7!LX7!VM!601!.*!"!,!'&*&3*)(!02',)&60)!+,*.4A,!^EEF[<!F>+&*!VX!
601! .*! #! ,! *&D&*>420.17! 60'&! -&*&! D()'&%! 41%&*! )1! $b8! 60'*.2'.D&! >.*! ?0&-01A! .>! +,&! THW!
01+&*)'+0.12!01!+,&!'&*&3*)(!60'*.?)2'4()+4*&<!!
S&1+.3)*30+)(!2.%046!-)2!+,&!',.2&1!)1)&2+,&+0'!)2!)%60102+*)+0.1!)',0&?&%!)!(.1AH()2+01A7!%&&D!
)1)&2+,&20)! P*)*&! 1&&%! >.*! )%60102+*)+0.12! 2432&N4&1+! +.! 010+0)(! %.2&Q!-0+,! )! (.-!6.*+)(0+5! *)+&!
-,0',!)2'*03&%!+.!+,&!p=,*&&!J2q!P*&%4'&7!*&>01&!)1%!*&D()'&!01!)106)(!&CD&*06&1+)+0.1Q<!=,&!42&!.>!
)! +*)',&.+.65!-)2! )3)1%.1&%! )>+&*! +,&! 02',)&60'! %4*)+0.1!-)2! *&%4'&%! 3&(.-! LX!6017! )2! +,&!
01+&*?&1+0.1!1.H(.1A&*!,)%!)1!&>>&'+!.1!6.*+)(0+5!P64'42!D*.%4'+0.1!-)2!1.+!)2!&C+&120?&Q<!K.*!+,&!
D*.%4'+0.1!.>!^EEF[7!/1.++&%!20(/! +,*&)%2!)*.41%!EEF2!-&*&!*&D()'&%!-0+,!60'*.?&22&(!'(0D27!)2!
+,&2&!D*.?0%&%!)!6.*&!'.1202+&1+!.''(420.1!D*&224*&!.1!+,&!?&22&(27!)1%!'.4(%!3&!*&6.?&%!2-0>+(5!
)1%!*&()+0?&(5!2064(+)1&.42(5<!
9)?01A! 010+0)((5!42&%!"!,!.>! 02',)&60)!3)2&%!.1!D*&?0.42! (0+&*)+4*&! P$2,0/)-)7!E..D&*!&+!)(<!#XXL7!
$2,0/)-)7!;&/0j4/)!&+!)(<!#XXZQ7!+,&!D&*0.%!-)2!A*)%4)((5!*&%4'&%!%4&!+.!6.*+)(0+5!.*!()'/!.>!3(..%!
>(.-!?0203(&!+,*.4A,!+,&!60'*.2'.D&<!=,02!D*.A*&220.1!02!*&D*&2&1+&%!01!=)3(&!Y<!!
F6D(&!3(..%!>(.-!'.4(%!3&!2&&1!-0+,!3.+,!M!)1%!\!601!.>!02',)&60)!)+!VX!601!*&D&*>420.1<!I&2D0+&!
+,027! ,0A,(5! ?)*0)3(&! 242'&D+030(0+5! +.! 02',)&60)! )>+&*! \! 601! P1463&*! .>! *.((01A! (&4/.'5+&2O66#!
*)1A&%!>*.6!"LH_\ZQ7!.*!)!()'/!.>!(&4/.'5+&!)'+0?0+57!6&)1+!+,)+!+,&!\!601!02',)&60'!A*.4D!%0%!1.+!
,)?&! 20A10>0')1+(5! 6.*&! THW! 01+&*)'+0.12! +,)1! 2,)6! .D&*)+&%! )106)(2! PK0A4*&! "XQ<! 9)?01A!
&2+)3(02,&%! M! 601! )2! .D+06)(! 01! D*.?0%01A! '.1202+&1+! 01>()66)+0.1! )>+&*! VX! 601! PK0A4*&! "XFOE@!
5tX<XM@!1rZ!60'&OA*.4D@!MH>.(%! 01'*&)2&! 01!)%,&20.1!?&*242! 2,)6!A*.4DQ7! +,&! *&D&*>420.1!D&*0.%!
-)2! &C+&1%&%! +.! #! ,! +.! &1)3(&! +,&!D*.%4'+0.1!.>! +&6D.*)((5! ?)*0&%!%)+)! >*.6! >4+4*&! +*&)+6&1+!
A*.4D2!P1rV!60'&OA*.4DQ<!G.!20A10>0')1+!',)1A&!01!(&4/.'5+&!*.((01A!?&(.'0+5!-)2!2&&1!)>+&*!&0+,&*!
02',)&60'!D&*0.%!PK0A4*&!"X^Q!)+!VX!6017!34+!?&(.'0+5!-)2!20A10>0')1+(5!*&%4'&%!)+!#!,!P5tX<XMQ<!$1!
)%%0+0.17! )+! #! ,! (&4/.'5+&! )%,&20.1!-)2! 20A10>0')1+(5! 01'*&)2&%! ?&*242! VX!601! )2!-&((! )2! "MH>.(%!
?&*242!2,)6!A*.4D2!PK0A4*&!"XE@!5tX<XMQ<!
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Anaesthetic (mg/kg) Ischaemia (min) Tracheotomy 
2 0 K 150/X 7.5 60 ! -
5 0 K 150/X 7.5 60 " -
6 67 P 50 60 " !
2 50 P 50 30 " !
2 50 P 100 30 " !
2 50 P 100 20 ! !
2 100 P 100 10 ! "/!
7 86 P 100 5 ! "
9 89 P 100 8 ! "
ConditionsMouse 
n =
Survival 
(%)
Blood 
flow
!
!
!
!
!
!
!
!
!
! !
!
!
!
!!!!!!!!!!!!!!!!!!!!!!!!! !
!
!
!
!
!
!
!
:'#6-!N0!^-H-6+?7-,%!+5!M6+#'6!(-&-#&'6!8$(;'-78'K&-?-&5I$8+,!7+@-60!
F**.-! %&1.+&2! +06&O.*%&*! .>! &CD&*06&1+2<! ^.+,! 24*?0?)(! )1%! A..%! 3(..%! >(.-!
-&*&!*&N40*&%<!:!r!/&+)601&@!U!r!C5()j01&@!S!r!D&1+.3)*30+)(!2.%046<!
!
!
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!
!
!
!
!
!
!
<8MI&-! /F0! ^855-&-,%! 8$(;'-78'K&-?-&5I$8+,! @I&'%8+,$! -55-(%! 6-I2+(=%-J
-,@+%;-68'6! VTJYX! 8,%-&'(%8+,$! 8,! %;-!(-&-#&'6!78(&+H'$(I6'%I&-!+5!*EB_TKN!78(-0!
F106)(2!-&*&! 243]&'+&%! +.! ^EEF[! >.*! M!601! P1rZ7! VX!601! *&D&*>420.1@! 1rV7! #! ,!
*&D&*>420.1!60'&OA*.4DQ!.*!\!601!P1r_!60'&OA*.4DQ<! $1!2,)6H.D&*)+&%!)106)(2!PX!
601! 02',)&60)@! 1rV!60'&OA*.4DQ7! EEF2!-&*&! &CD.2&%!34+! 1.+! .''(4%&%<!F>+&*! VX!
601O#! ,! *&D&*>420.17! THW! 01+&*)'+0.12! -&*&! )1)(52&%! .?&*! #!601`! +,&! 1463&*! .>!
*.((01A! (&4/.'5+&2! PFQ7! +,&! *.((01A! '&((! ?&(.'0+5! P^Q! )1%! +,&! 1463&*! .>! )%,&*&1+!
(&4/.'5+&2! PEQ!-&*&! '.41+&%! .?&*! "XX! l6! ?&22&(7! )1%! *.((01A! )1%! )%,&*&1+! '&((2!
&CD*&22&%!)2!1463&*O66#<!I)+)!)*&!6&)1!|;W8@!5tX<XM!?2<!2,)6!.*!X7!M!)1%!\!
601!02',)&60)!P)((!VX!601!*&D&*>420.1Q!35!41D)0*&%!&!+&2+<!
!
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!
!
<8MI&-!//0!c+!'6#I78,!6-'2'M-!+#$-&H-@!5+66+L8,M!8$(;'-78'K&-?-&5I$8+,!V4KAX!'%!
.F! 78,! +&! 3! ;0! F(34601! (&)/)A&! -)2! 6&)24*&%! 4201A! 06)A&2! .>! K$=EH()3&((&%!
)(34601!-,&*&!>(4.*&2'&1'&!01+&120+5!-)2!')('4()+&%!)2!01+&120+5!0120%&!?2<!.4+20%&!
&)',!?&22&(!P1rL!60'&OA*.4D@!LHM!?&22&(2O6.42&Q<! $1!3.+,!2,)6H.D&*)+&%!)1%!$OJ!
A*.4D27! >(4.*&2'&1+(5H()3&((&%! )(34601! *&6)01&%! ()*A&(5! 01+*)?)2'4()*! 01%0')+01A!
^^^!01+&A*0+5!)+!+,&2&!+06&!D.01+2<!!
!
!
!
!
!
!
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3.3.2 Alterations in the cerebral microvasculature following five minutes 
ischaemia and 40 minutes/two hours reperfusion 
!
E&*&3*)(!$OJ!01!+,02!6.%&(!A&1&*)+&%!)1!01>()66)+.*5!*&2D.12&!01!-,0',!(&4/.'5+&2!*.((!)1%!)%,&*&!
+.! (4601)(! P?&14()*Q!3(..%!?&22&(!-)((2<!=,02!'.4(%!3&!?0&-&%!4201A! $b8!>.((.-01A! 0<?<! 01]&'+0.1!.>!
*,.%)601&! Yc! +.! ()3&(! +,&! (&4/.'5+&2<! T&4/.'5+&! *.((01A7! *.((01A! ?&(.'0+5! )1%! )%,&20.1! -&*&!
?024)(02&%! +,&1! N4)1+0>0&%! )2! 0((42+*)+&%! 35! K0A4*&! "#<! B0+,! *&2D&'+! +.! 2,)6H.D&*)+&%! A*.4D27!
'&*&3*)(!$OJ!01!60'&!D*.%4'&%!%02'&*103(5!6.*&!THW!01+&*)'+0.12!P)2!2,.-1!01!*&D*&2&1+)+0?&!06)A&2!
01!K0A4*&!"LFO^Q<!B,&1!N4)1+0>0&%7!+,&*&!-)2!20A10>0')1+(5!6.*&!'&((! *.((01A!)1%!)%,&20.1! 01!60'&!
+*&)+&%!-0+,!?&,0'(&!P2)(01&!.*!2)(01&!D(42!&+,)1.(Q7!VX!601!)1%!#!,!01+.!*&D&*>420.1!'.6D)*&%!-0+,!
2,)6!A*.4D2!P2&&!D*&?0.42!2&'+0.1!L<L<"Q<!
S.2+H')D0(()*5!?&14(&!(&)/)A&!-)2!)22&22&%!4201A!01+*)?&1.42!K$=EH()3&((&%!)(34601!+.!)22&22!^^^!
01+&A*0+5!P>(4.*&2'&1+(5H()3&((&%!)(34601!-.4(%!*&6)01!01+*)(4601)(!41%&*!,&)(+,5!'.1%0+0.127!34+!
p(&)/q! 01+.! +,&! D)*&1',56)! 0>! +,&! ^^^! ]41'+0.12! )*&! 24>>0'0&1+(5! '.6D*.602&%Q<! $1! 2,)6! )1%! $OJ!
A*.4D27!()3&((&%!)(34601!*&6)01&%!()*A&(5!01+*)(4601)(!PK0A4*&!"LEOIQ<!=,02!01%0')+&2!D*&2&*?)+0.1!
.>!^^^!01+&A*0+5!)+!+,&!+06&!D.01+2!.32&*?&%<!!
!
!
!
!
!
!
!
!
!
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!
!
!
<8MI&-! /30! T-I2+(=%-! &+668,M! ',@! '@;-$8+,! 8,! %;-! (-&-#&'6! 78(&+(8&(I6'%8+,!
5+66+L8,M! 8$(;'-78'K&-?-&5I$8+,! V4KAX0! T&4/.'5+&H&1%.+,&(0)(! 01+&*)'+0.12! 01! +,&!
'&*&3*)(! 60'*.?)2'4()+4*&! '.4(%! 3&! 2&&1! >.((.-01A! '&*&3*)(! $OJ! PFQ<! T&4/.'5+&!
*.((01A! )1%! )%,&20.1! '.4(%! 3&! .32&*?&%@! ^HW! 2,.-! ?0%&.! 21)D2,.+2! .>! +,&! 2)6&!
?)2'4()+4*&!.?&*!)DD*.C06)+&(5!_!2&'<!^(4&!)1%!A*&&1!'0*'(&2!.4+(01&!+-.!%0>>&*&1+!
*.((01A!'&((2!)2!+,&5!)*&!')D+4*&%!.1!+,&!&1%.+,&(0)(!-)((!)+!\<Y!2&'.1%2!P)%])'&1+!
+.! )**.-2Q! PEQ! +,&1! '.1+014&! +.! *.((! P%)2,&%! '0*'(&2! 01%0')+&! (.')+0.1! .>! 010+0)(!
')D+4*&Q! PIOWQ! 01! %0*&'+0.1! .>! 3(..%! >(.-! P3(4&OA*&&1! )**.-2Q<! [*)1A&! '0*'(&2!
.4+(01&! )1! )%,&*&1+! '&((! P*&6)012! 2+)+0.1)*5! +,*.4A,.4+Q@! -,0+&! )**.-2! r!
(&4/.'5+&2@!2')(&!3)*2!r!VX!l6!PFQ7!"X!l6!P^HWQ<!
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!
!
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!
!
!
<8MI&-! /)0! *-66I6'&! (;',M-$! 8,! %;-! (-&-#&'6! 78(&+(8&(I6'%8+,! 5+66+L8,M!
8$(;'-78'K&-?-&5I$8+,!V4KAX0!J&D*&2&1+)+0?&!06)A&2!>*.6!)!2,)6!A*.4D!PF7!IQ!)1%!
$OJ! A*.4D2! PM! 601! 02',)&60)OVX! 601! .*! #! ,! *&D&*>420.1Q! P^7! E7! W7! KQ<! $1! 2,)6H
.D&*)+&%!60'&7! >&-!.*!1.! *.((01A!.*!)%,&*&1+! (&4/.'5+&2! P-,0+&!)**.-2Q!'.4(%!3&!
2&&1! 01+&*)'+01A! -0+,! +,&! -)((2! .>! +,&! D.2+H')D0(()*5! ?&14(&2! 4201A! 01+*)?0+)(!
60'*.2'.D5!PFQ<!F>+&*!$OJ7!(&4/.'5+&!*.((01A!)1%!)%,&20.1!'.4(%!3&!.32&*?&%!P^7!EQ<!
F(34601!(&)/)A&!-)2!)(2.!6&)24*&%!4201A!06)A&2!.>!K$=EH)(34601<! $1!3.+,!2,)6H
.D&*)+&%!PIQ!)1%!$OJ!PW7!KQ!A*.4D27!>(4.*&2'&1+(5H()3&((&%!)(34601!*&6)01&%!()*A&(5!
01+*)?)2'4()*! P')('4()+&%! 35! >(4.*&2'&1'&! 01+&120+5! 0120%&! ?2<! .4+20%&! ?&22&(Q<! F((!
2')(&!3)*2!r!"X!l6<!
!
!
!
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3.4 Conclusions 
!
$b8!-)2!42&%!+.!.32&*?&!*&)(H+06&!THW!01+&*)'+0.12!01!+,&!D0)(!60'*.?)2'4()+4*&!01!)!6.42&!6.%&(!
.>! 2+*./&<! =,&! )06! -)2! +.! %&?&(.D! )! 6.%&(! .>! A(.3)(! '&*&3*)(! $OJ! -,0',! -.4(%! D*.%4'&! )1!
01>()66)+.*5!*&2D.12&!.>!'.1202+&1+!6)A10+4%&!P-0+,!*&2D&'+!+.!1463&*2!.>!*.((01A!)1%!)%,&*&1+!
(&4/.'5+&2Q!-0+,01!&)',!+*&)+6&1+!A*.4D7!)1%!(.-!6.*+)(0+5<!!
=,&!6.%&(7!.1'&!&2+)3(02,&%7!01?.(?&%!6)(&!EMZ^TOY!60'&!P#LH#\!AQ7!)1)&2+,&+02&%!-0+,!"XX!6AO/A!
D&1+.3)*30+)(! 2.%046!)1%! 243]&'+&%! +.! M!601!^EEF[H01%4'&%! 02',)&60)! 4201A!60'*.?&22&(! '(0D2<!
=,02! -)2! >.((.-&%! 35! )! VX! 601! .*! #! ,! *&D&*>420.1! D&*0.%7! -,0',! D*.%4'&%! )1! $b8H?0203(&!
01>()66)+.*5! *&2D.12&! 4D! +.! "MH>.(%! +,&! 6)A10+4%&! .>! 2,)6! A*.4D2<! [1'&! %&?&(.D&%! )1%!
?)(0%)+&%7!+,02!D*.'&%4*&!-)2!42&%!+.!)22&22!+,&!&>>&'+2!.>!KSJ!(0A)1%27!)%60102+&*&%!)+!+,&!2+)*+!.>!
*&D&*>420.17!)2!%&2'*03&%!01!+,&!1&C+!',)D+&*<!!
!
!
!
!
!
!
!
!
!
!
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                   Chapter Four 
Effects of Formyl Peptide Receptor agonists 
in global cerebral ischaemia/reperfusion 
!
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4.1 Introduction 
!
=,&! 6.%&(! %&?&(.D&%! 01! +,&! D*&?0.42! ',)D+&*! D*.?0%&%! D)*)6&+&*2! -0+,! -,0',! +.! )22&22!
01>()66)+0.1H)22.'0)+&%! '&((4()*! )1%! D,520.(.A0')(! *&2D.12&2! +.! KSJ! )A.102+2! 01! +,&! '&*&3*)(!
60'*.?)2'4()+4*&!>.((.-01A!$OJ<!=,&!>.((.-01A!%)+)!%&2'*03&!?)*0)+0.12!01!THW!01+&*)'+0.12!>.((.-01A!
'&*&3*)(! $OJ7! D*06)*0(5! 01! *&2D.12&! +.! )%60102+*)+0.1!.>!D)1HKSJ!)A.102+!F1CF"F'#H#Y! .*! KSJ#OFTU!
)A.102+!"MH&D0HTUFV!)+!+,&!2+)*+!.>!*&D&*>420.1<!!
FA.102+2!-&*&!)%60102+&*&%!)+!+,&!2+)*+!.>!*&D&*>420.1`!=,&!*&'&D+.*!>.*!TUFV!)1%!0+2!&D06&*7!"MH
&D0HTUFV!P2&&!2&'+0.1!"<L<#<#Q!,)2!3&&1!-&((!',)*)'+&*02&%!)2!KSJ#OFTU!P6.42&!.*+,.(.A4&!KD*#OLQ<!
F1CF"F'#H#Y!02!)1!0H+&*601)(!D&D+0%&!.>!F1CF"!)1%!,)2!3&&1!2,.-1!+.!6060'!+,&!)'+0?0+5!.>!+,&!>4((H
(&1A+,!D*.+&01!+,*.4A,!)((!6&63&*2!.>!+,&!KSJ!>)60(5!P2&&!2&'+0.1!"<L<#<"Q<!TUFV7!"MH&D0HTUFV!)1%!
F1CF"F'#H#Y!-&*&! +,&*&>.*&! 42&%! +.! 01%0')+&! D,)*6)'.(.A0')(! D.+&1+0)(! .>! KD*#OL!6&',)10262! 01!
+,02!6.%&(!.>!A(.3)(!'&*&3*)(!$OJ<!I.2&2!-&*&!',.2&1!3)2&%!.1!D*&?0.42(5!D43(02,&%!%)+)!01!-,0',!
+,&!(0A)1%2!2,.-&%!)1+0H01>()66)+.*5!&>>&'+2!Pc)?0127!I)((0!&+!)(<!#XXZ7!I4>+.1!)1%!S&**&++0!#X"XQ<!!
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4.2 Results 
4.2.1 AnxA1Ac2-26 reduces leukocyte adhesion in cerebral microvasculature 
!
4.2.1.1 Temporal variation (increased anti-inflammation at 2 h reperfusion) 
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4.2.2 15-epi-lipoxin A4 reduces leukocyte-endothelial interactions in 
cerebral microvasculature 
!
4.2.2.1 15-epi-lipoxin A4 but not lipoxin A4 reduces leukocyte-endothelial interactions 
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4.2.2.2 Temporal and dose-dependent variation (increased anti-inflammation at 40 
min reperfusion versus 2 h with low dose 15-epi-lipoxin A4) 
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4.2.2.3 Increase in AnxA1 expression following high dose 15-epi-lipoxin A4 treatment 
at 40 min reperfusion 
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4.2.3 Changes in cytokine expression and tissue oxidation following global 
cerebral ischaemia/reperfusion 
!
4.2.3.1 Increase in MCP-1 expression following AnxA1Ac2-26 treatment  
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4.3 Conclusions 
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ZMe! -0+,! *&2D&'+! +.! +,&! ?&,0'(&H+*&)+&%!60'&! )+! VX!6017! .1(5! 6)*A01)((5! )3.?&! 2,)6H.D&*)+&%!
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5.1 Introduction  
!
=,&! D*&?0.42! ',)D+&*! %&2'*03&2! )1+0H01>()66)+.*5! &>>&'+2! +,*.4A,! 3.+,! "MH&D0HTUFV! )1%!!!!
F1CF"F'#H#Y!+*&)+6&1+!01!'&*&3*)(!$OJ<!=,&!(0A)1%2!-&*&!2&(&'+&%!.1!+,&!3)202!.>!D*&?0.42!&?0%&1'&!
-,0',! 24AA&2+2! +,&! 01?.(?&6&1+! .>! KSJ2! 01! +,&0*! )'+0?0+5<! =,&! >.((.-01A! %)+)! -&*&! +,&*&>.*&!
D*.%4'&%!01!.*%&*!+.!01%0')+&!)!*.(&!>.*!KSJ2!P2D&'0>0')((5!KSJ#OFTUQ!01!+,&!)'+0?0+5!.>!+,&2&!(0A)1%2!
01!+,02!6.%&(<!
=,&!TUFV!P)1%!"MH&D0HTUFVQ!*&'&D+.*! 02!-&((!%.'46&1+&%!)2!KSJ#OFTU!P6.42&!.*+,.(.A4&!KD*#OLQ!
PE,0)1A7!;&*,)1!&+!)(<!#XXYQ<!B,0(&!>4((H(&1A+,!F1CF"!)(2.!2&&62!+.!3&!KSJ#OFTUH2D&'0>0'!P9)5,.&7!
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.''4**01A! +,*.4A,! KSJ#OFTU! )'+0?0+57! +-.! &2+)3(02,&%! KSJ! )1+)A.102+2! P2&&! 2&'+0.1! "<L<#<LQ!-&*&!
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A*.4D2! 01!-,0',!)106)(2!-&*&!)%60102+&*&%!-0+,!)1!)1+)A.102+!)(.1&!-&*&! 01'(4%&%<!I.2&2!-&*&!
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01'*&6&1+)(! '&((! '.41+2! >*.6!)!BJBVH+*&)+6&1+! A*.4D! 3&+-&&1! VX!601! )1%! #! ,<!I)+)! )*&! )(2.!
2,.-1! >*.6! KD*#OLHOH! 6.42&! A*.4D27! 34+! 2,.4(%! 3&! '.120%&*&%! D*&(0601)*5! %4&! +.! +,&! ()'/! .>!
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5.2 Results 
5.2.1 Boc2 abrogates anti-adhesive effects of AnxA1Ac2-26 
!
^.'#! 3(.'/&%! +,&! )1+0H)%,&20?&! D*.D&*+0&2! 2&&1!-0+,! F1CF"F'#H#Y! )+! VX!601! *&D&*>420.1! P5tX<XM@!
K0A4*&!#XEQ7! 24AA&2+01A! +,)+!F1CF"F'#H#Y! *&%4'&2! 01>()66)+0.1! +,*.4A,!)1!KD*!6&',)1026!)+! +,02!
+06&! D.01+<! =,&! ^.'#! '.1+*.(! A*.4D! D*.%4'&%! 01?&*2&! )A.102+0'! &>>&'+2! 01! +,&!60'*.?)2'4()+4*&`!
+,&*&! -)2! )! 6)*/&%! 01'*&)2&! 01! +,&! 1463&*! .>! *.((01A! '&((2! )+! VX! 601! 01! 60'&! +*&)+&%! -0+,!!
F1CF"F'#H#YO^.'#!)2!-&((!)2!-0+,!^.'#!)(.1&!?&*242!?&,0'(&!)1%!2,)6!A*.4D2!P5tX<XM@!K0A4*&!#XFQ<!
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5.2.2 WRW4 abrogates anti-adhesive effects of AnxA1Ac2-26 
!
5.2.2.1 Temporal variation (increased efficacy at 40 min reperfusion) 
BJBV!3(.'/&%!+,&!)1+0H)%,&20?&!D*.D&*+0&2!2&&1!-0+,!F1CF"F'#H#Y!)+!VX!601!*&D&*>420.1!P5tX<XM@!
K0A4*&!#"EQ<!F2!BJBV!02!KSJ#OFTUH2&(&'+0?&7!+,02!01%0')+&2!+,&!20A10>0')1'&!.>!KD*#OL!01!6&%0)+01A!
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A*&)+&*!(&?&(2!.>!THW!01+&*)'+0.12!01!+,&!BJBV!A*.4D!+,)1!+,&!F1CF"F'#H#YOBJBVH'.6301&%!A*.4D<!
$1!)%%0+0.17!P41(0/&!^.'#H+*&)+6&1+!A*.4D2Q!)2!+,&!1463&*!.>!*.((01A!'&((2!01'*&)2&%7!*.((01A!?&(.'0+5!
%&'*&)2&%!20A10>0')1+(5!?&*242!?&,0'(&H+*&)+&%!)106)(2!)+!VX!601!P5tX<XM@!K0A4*&!#"^Q<!
F2!-0+,!+,&!^.'#!A*.4D7!'.6301&%!F1CF"F'#H#Y!+*&)+6&1+!-0+,!BJBV!)(2.!)3*.A)+&%!+,&!&>>&'+2!.>!
F1CF"F'#H#Y!)+!#!,7!34+!+,&!)3*.A)+0.1!-)2!60106)(!'.6D)*&%!-0+,!+,&!&)*(0&*!+06&!D.01+<!B,0(&!+,&!
1463&*!.>!*.((01A!'&((2!-)2!01'*&)2&%!01!F1CF"F'#H#YOBJBV!A*.4D!?&*242!F1CF"F'#H#Y!)+!#!,7!)106)(2!
*&'&0?01A!F1CF"F'#H#YOBJBV!.*!BJBV! +*&)+6&1+! )(.1&!D*.%4'&%! '&((! )'+0?0+5! (&?&(2! 20A10>0')1+(5!
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F1CF"F'#H#Y! D(42! ^.'#! )+! +,&! 2+)*+! .>! *&D&*>420.1<! F! 2,)6H.D&*)+&%! A*.4D! P1.!
02',)&60)O*&D&*>420.1Q! -)2! 01'(4%&%<! F>+&*! VX! 601! .*! #! ,! *&D&*>420.17! THW!
01+&*)'+0.12!-&*&!)1)(52&%!.?&*!#!601`! +,&!1463&*!.>! *.((01A! (&4/.'5+&2! PFQ7! +,&!
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5.2.2.2 Inflammatory activity diminishes between 40 min and 2 h reperfusion 
T)*A&!1463&*2!.>!*.((01A!'&((2!01!+,&!BJBV!P)1%!^.'#Q!+*&)+6&1+!A*.4D2!)+!VX!6017!'.6301&%!-0+,!
*&%4'&%!*.((01A!)1%!)%,&20.1!)+!#!,!?&*242!?&,0'(&!A*.4D27!(&%!+.!*&'.*%01A!.>!'&((!)'+0?0+5!3&+-&&1!
+,&!+-.!+06&!D.01+2<!8.10+.*01A!(&4/.'5+&!)'+0?0+5!VX!601H#!,!-.4(%!,&(D!+.!'()*0>5!-,5!+*&)+6&1+!
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5.2.3 Reduced leukocyte-endothelial interactions and high mortality in 
Fpr2/3-/- mice  
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5.3 Conclusions 
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6.1 Introduction 
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6.2 Results 
6.2.1 Exposure to chemoattractant increases monocyte migration 
!
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6.2.2 Chemotactic responsiveness of monocytes from stroke patients 
versus healthy controls 
!
6.2.2.1 Monocyte migration is increased in stroke patients 
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6.2.2.2 Modulation of monocyte chemotaxis through FPRs in stroke and healthy 
controls  
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6.3 Conclusions 
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7.1 Introduction 
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7.2 Results 
7.2.1 Relative retention times of Gd(III)-cFLFLFK versus Gd-DOTA 
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7.2.2 Slice-dependent variations in contrast agent retention 
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7.3 Conclusions 
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8.1 Part One: ‘too much of a good thing…’ 
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8.1.1  Modelling cerebral ischaemia/reperfusion 
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8.1.2 FPR agonists: which, when and how much? 
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8.1.3 FPRs, chemotaxis and visualising inflammation 
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8.2 Part Two: the future for FPR2/ALX 
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8.2.1 Continuation of this work  
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8.2.2 The outlook for targeting FPR2/ALX in stroke 
!
B0+,! +,&!&C'&D+0.12!.>! +SF!)1%!,5D.+,&*60)!41%&*!2&(&'+0?&!'.1%0+0.127!D*.60201A! *&2&)*',! 01+.!
2+*./&! +,&*)D0&2! ,)2! 2.! >)*! 3&&1! 41D*.%4'+0?&<! =,&! A..%! 1&-2! 02! +,)+! +,&! +*)12>.*601A!
D)+,.(.A0')(! D*.'&22&2! +,*.4A,.4+! 2+*./&! )1%! %4*01A! 2432&N4&1+! -&&/27! 6.1+,27! )1%! 5&)*2!
D*&2&1+!2&?&*)(!.DD.*+410+0&2!>.*!01+&*?&1+0.1!)2!+,&!%02&)2&!D*.A*&22&2!)1%!)(2.!24AA&2+!+,)+!+,&!
6.2+!&>>&'+0?&!+*&)+6&1+!6)5!3&!)!'.6301&%!+,&*)D&4+0'!)DD*.)',<!=,&*&!)*&!2&?&*)(!+*&)+6&1+2!
'(.2&! +.! .*! &1+&*01A! '(010')(! +*0)(27! -,0',! '.4(%! 3&! 42&%! 01! '.1]41'+0.1! -0+,! )! D*.H*&2.(?01A!
+*&)+6&1+<!=,&2&!01'(4%&!P34+!)*&!1.+!(060+&%!+.Q!J[;!01,030+.*2!PW%)*)?.1&!F'4+&!$1>)*'+0.1!;+4%5!
#XXLQn+)*A&+01A!D*06)*5!02',)&60'!%)6)A&n)1%!2+&6!'&((2!P;60+,!)1%!c)?012!#X"#Qn)0601A!+.!
D*.6.+&!1&4*.*&A&1&*)+0.1<!!
=,&! ?)*0)+0.1! 3&+-&&1! ,46)1! 02',)&60'! %4*)+0.17! (&20.1! ?.(46&2O(.')+0.127! )A&2! )1%!
'.6.*30%0+0&2!642+!3&!)DD*&'0)+&%n&?&1!)!+*&)+6&1+!+,)+!02!&C+*&6&(5!24''&22>4(!&CD&*06&1+)((5!
6)5!3&!>)*! +..!D*&2'*0D+0?&! 01! 0+2!D.+&1+0)(!)DD(0')+0.12!+.!,)?&!+,&! 06D)'+!,.D&%!>.*! 01!)!2+*./&!
+,&*)D5<!=,&*&!)*&!+,*&&!/&5!N4&2+0.12!+,)+!642+!3&!)%%*&22&%! 01!&2+)3(02,01A!+,&!D.+&1+0)(!.>!)!
1.?&(! 2+*./&! +,&*)D5n3&5.1%! +,&! >41%)6&1+)(! .1&! .>! -,&+,&*! .*! 1.+! 0+! -.*/2`! -,&1! 02! )!
+*&)+6&1+! 3&2+! )%60102+&*&%a!9.-!64',! 1&&%2! +.! 3&! )%60102+&*&%! P)1%!-0((! +,02! ?)*5! 3&+-&&1!
D)+0&1+2Qa!F1%!-,.!02!(0/&(5!+.!3&1&>0+a!!
$1!(0A,+!.>!+,&2&7!,.-!&>>&'+0?&!02!)1!KSJ#OFTUH+)*A&+&%!+,&*)D5!(0/&(5!+.!3&a!
=,&!42&!.>! '(.+!342+&*! 02! 2&?&*&(5! (060+&%!35! +,&!.>>0'0)(! V<M!,.4*! +*&)+6&1+!-01%.-! >*.6!2+*./&!
.12&+<!F1!0%&)(!+,&*)D5!-.4(%!3&!3&1&>0'0)(!)%60102+&*&%!)+!)15!D.01+7!D*&>&*)3(5!01!+,&!)634()1'&!
)1%!D*0.*!+.!(&1A+,5!%0)A1.2+0'!06)A01A7!-0+,.4+!+,&!*02/!.>!&C)'&*3)+01A!)!,)&6.**,)A&<!F(+,.4A,!
+,&! &>>0'0&1'5! .>! )1! KSJ#OFTU! (0A)1%! 02! (0/&(5! +.! ?)*5! %&D&1%01A!.1!-,&1! 0+! 02! )%60102+&*&%! P2&&!
2&'+0.1!V<#<#<#Q7!+,&*&!02!1.+!+,&!*02/!.>!,)&6.**,)A&<!=,02!6&)12!)1!)1+0H01>()66)+.*5!+*&)+6&1+!
'.4(%!D.+&1+0)((5!3&!A0?&1!)2!2..1!)2!)!D)+0&1+!02!01!'.1+)'+!-0+,!'(010')(!2+)>>7!-0+,!>&-!20%&!&>>&'+2!
)1+0'0D)+&%<!
K4((!01?&2+0A)+0.12!1&&%!+.!01'(4%&!%&+)0(&%!%.2&H*&2D.12&!&CD&*06&1+2!)2!-&((!)2!%)+)!'.1'&*101A!
-,&1! 02! 3&2+! +.! %&(0?&*! +*&)+6&1+<! S*&'02&(5! -,&1! )1%! ,.-! 64',! +*&)+6&1+! 2,.4(%! 3&!
)%60102+&*&%!6)5! -&((! 3&! &2+)3(02,&%! 01! +,&! >4+4*&! +,*.4A,! 42&! .>! 30.6)*/&*2n0%&)((5! 2&?&*)(!
30.6)*/&*2n01!.*%&*!+.!A&1&*)+&!p'.H.*%01)+&2q!01%0')+01A!+,&!,&)(+,!2+)+42!.>!)!D)+0&1+<!!
 Chapter 8                  Discussion 
!
"VY!
8)15!)++&6D+2!,)?&!3&&1!6)%&!+.!0%&1+0>5!240+)3(&!30.6)*/&*2!01!2+*./&7!01'(4%01A!2&?&*)(!2.(43(&!
)A&1+2<! E,)1A&2! 01! &CD*&220.1! .>! &1%.+,&(0)(! ]41'+0.1)(! D*.+&012! 01%0')+&! ^^^! 3*&)/%.-17! >.*!
&C)6D(&7! +,&*&>.*&! 2.(43(&! ^^^! )%,&20.1! >)'+.*2! )*&! D.+&1+0)((5! 42&>4(! 30.6)*/&*2! .>! %02&)2&!
D*.A*&220.1<!d1>.*+41)+&(5!+,&!2&)*',!>.*!)!240+)3(&!')1%0%)+&!,)2!3&&1!4124''&22>4(!2.!>)*<!iF8!
243+5D&!iF8HE!D*&%.601)+&2!01!,46)1!)1%!6.42&!3*)01!&1%.+,&(0)!41%&*!,&)(+,5!'.1%0+0.12!)1%!
2.! 02! 41240+)3(&! PB0((0)627! 8)*+01HS)%4*)! &+! )(<! "___7! F**)+&7! J.%*0A4&j! &+! )(<! #XX"7! ;.1.3&7!
=)/&4',0!&+!)(<!#XX_Q<!iF8HF7!)(+,.4A,!&CD*&22&%!01!6.42&!3*)01!&1%.+,&(0)!P;.1.3&7!=)/&4',0!&+!
)(<!#XX_Q7!02!1.+!%&+&'+&%!01!,46)1!3*)01!41%&*!1.*6)(!'.1%0+0.12!34+!&CD*&22&%!01!(.-!)6.41+2!01!
'&*+)01! )31.*6)(! '.1%0+0.12! 24',! )2! 64(+0D(&! 2'(&*.202! PS)%%&17! T&&',! &+! )(<! #XXZQ<! $1! D*)'+0'&7!
+,&2&!(&?&(2!)*&!1.+!24>>0'0&1+!>.*!iF8HF!+.!3&!'.120%&*&%!)!240+)3(&!30.6)*/&*!>.*!^^^!3*&)/%.-1!
P9))*6)117!I&022!&+!)(<!#X"XQ<!!
K.*! )! 30.6)*/&*! +.! 3&! D)*+0'4()*(5! 42&>4(7! 0+! 2,.4(%! 3&! 2+4%0&%! 01! '.1]41'+0.1! -0+,! )! D.+&1+0)(!
+,&*)D5<! $+! 02! >)*! 6.*&! 42&>4(7! )*A4)3(57! +.! (01/! 2D&'0>0'! 01+&*(&4/01O2.(43(&! EF8! (&?&(2! -0+,! +,&!
240+)30(0+5! .>! )! D)+0&1+! >.*! )! '&*+)01! +,&*)D57! *)+,&*! +,)1! +,&0*! (0/&(0,..%! .>! )! D..*! .4+'.6&<! F!
6)*/&*!.>!+,&!D*.A*&22!.>!01>()66)+0.1!P0<&<!-,&*&!+,&!D*.'&22!(0&2!.1!+,&!3&((!'4*?&!01!K0A4*&!LLQ!
-0((!3&!&C+*&6&(5!42&>4(!01!.D+060201A!+,&!D,)*6)'.(.A0')(!*&2.(4+0.1!.>!01>()66)+0.1<!$+!02!D.2203(&!
+,)+!'(&)?&%!F1CF"!0+2&(>!6)5!3&!)!A..%!01%0')+.*!.>!+,02!PT06!)1%!S&*?)0j!#XXZQ7!.*!2&*46!(&?&(2!.>!
8ESH"!PB.*+,6)117!I&1A(&*!&+!)(<!#X"#Q<!
F!'.1'&*1!-0+,!)15!1.?&(!+,&*)D5!02!,.-!6)15!D&.D(&!-0((!3&1&>0+<!8)15!D*&H'(010')(!2+4%0&2!%.!1.+!
01'(4%&!)A&%!)106)(2!-0+,!'.6.*30%0+0&2!24',!)2!,5D&*+&120.17!,5D&*',.(&2+&*.()&60)7!.3&20+5!)1%!
%0)3&+&27!)1%!+,&!6)].*0+5!%.!1.+!01?&2+0A)+&!-,&+,&*!.*!1.+!>&6)(&2!)*&!(0/&(5!+.!3&1&>0+<!;&?&*)(!
2+4%0&2! %.! )''.66.%)+&! +,&2&! >)'+.*2! Pb)114''07! B0((01A! &+! )(<! #XX"7! k,)1A7! G)0*! &+! )(<! #XXV7!
;.(&6)17! m0D! &+! )(<! #X"#Q7! 34+! +,&! ,0A,! '.2+! .>! /&&D01A! >&6)(&2! PQ! .*! &(%&*(5! 60'&! 02! .>+&1!
D*.,030+0?&7!D)*+0'4()*(5!01!+,&!&)*(5!2+)A&2!.>!01?&2+0A)+01A!)!D)*+0'4()*!'.6D.41%<!!
I&2D0+&!)((!+,&2&!D*.?02.27!+,&!>4+4*&!02!3*0A,+!>.*!KSJ2<!J&2.(?012!)*&!WfOIfH%&*0?&%!&0'.2)1.0%27!
2+*4'+4*)((5! )1%! >41'+0.1)((5! 2060()*! +.! TUFV! )1%! )'+0?&! +,*.4A,! KSJ#OFTU! PK0A4*&! V7! D<LYQ<! F!
*&2.(?01! )1)(.A4&!,)2! *&'&1+(5!3&&1!D)+&1+&%! >.*!42&! 01! +,&! +*&)+6&1+!.>! '.*1&)(! 01>()66)+0.17!
0((42+*)+01A! +,&! D.+&1+0)(! 01! &0'.2)1.0%HKSJ#OFU! +,&*)D0&2! PT06)Hc)*'0)7! I4+*)! &+! )(<! #X""7! S&07!
k,)1A! &+! )(<! #X""Q<! =,*.4A,! +,02! -.*/7! )1)(A&20'! &>>&'+2! .>! F1CF"! )1%! *&2.(?012! ,)?&! )(2.! 3&&1!
.32&*?&%<! =,02! +,&*)D5! 02! +.D0')((5! )DD(0&%7!,.-&?&*7!-,0',!,0A,(0A,+2! )!D.+&1+0)(!%*)-3)'/!-0+,!
&0'.2)10%HKSJ#OFTU! +*&)+6&1+2! >.*! 2+*./&<!=,&!D*.3(&6!>.*!30.(.A02+2! 02!1.+! +,)+! +,&! (0D.C012!)*&!
01&>>&'+0?&@! 0+! 02! +,)+! +,&5!)*&! +*&6&1%.42(5!412+)3(&!.4+20%&!)! >*&&j&*!)1%!,)?&!)! 2,.*+!,)(>H(0>&!
.1'&! 0120%&! )1!.*A)1026<! K.*&2&&)3(&! (.A02+0')(! D*.3(&62! 01'(4%&!D*.C060+5! .>! H\X! vE! >*&&j&*2! +.!
 Chapter 8                  Discussion 
!
"VZ!
D)+0&1+2!)1%!41/1.-1!(&?&(2!.>!'.6D.41%!%&A*)%)+0.1n+,&*&>.*&!%.2&n01!41D*&%0'+)3(&!'(010')(!
'0*'462+)1'&2<!;+)3(&!)1)(.A4&2!.>!+,&!(0D.C012!)*&!3&01A!A&1&*)+&%!)1%!+&2+&%7!)1%!4(+06)+&(5!+,02!
02!)!,4*%(&!>.*!',&602+27!-,&*&!'.(()3.*)+0.12!-0((!3&!3&1&>0'0)(<!!
! ! !
=,&!D)+,.D,520.(.A0')(!%&?&(.D6&1+!.>!2+*./&!01?.(?&2!01+&*)'+0.12!3&+-&&1!146&*.42!'&((!+5D&2!
.?&*! 2&?&*)(!,.4*27!%)52!)1%!-&&/27!)2!%&2'*03&%! 01! 2&'+0.1!"<"<#<!F! '.6301)+0.1!.>! +,&*)D0&2! 02!
4(+06)+&(5!(0/&(5!+.!3&!.>!A*&)+&2+!3&1&>0+!01!2+*./&!D)+0&1+2`!'(.+!%02D&*20.17!>.((.-&%!35!6&%0)+0.1!
.>!)!2432&N4&1+!01>()66)+.*5!*&2D.12&!)1%!1&4*.HO?)2'4(.A&1&2027!3)'/&%!35!2.(0%!06)A01A<!!
=,&! D*&>&**&%! D*.H*&2.(?01A! )A&1+! >.*! 42&! 02! 5&+! +.! 3&! 0%&1+0>0&%7! )1%! '.120%&*)+0.12! 2,.4(%! 3&!
6)%&!)3.4+!+,&0*!2+)30(0+5!)1%!3&2+!*.4+&!.>!)%60102+*)+0.1!01+.!+,&!D)+0&1+7!)2!-&((!)2!+,&!.D+06)(!
+06&!P2,.4(%!.1&!&C02+Q!+.!)%60102+&*!+,&!+,&*)D5<!$+!02!)(2.!06D.*+)1+!+.!0%&1+0>5!6&',)10262!+,)+!
')1! 3&! 42&%! +.! &1,)1'&! +,&! *&2.(4+0.1! .>! 01>()66)+0.17!-,0(&! 2+0((! D&*60++01A! )1! &C+&1+! .>! D*.H
01>()66)+.*5!)'+0?0+5!01!.*%&*!+.!*&6.?&!%&)%!'&((2!-0+,01!+,&!3*)01!D)*&1',56)<!=,&!42&!.>!D*.H
*&2.(?01A!)A&1+2!)2!)!2+*./&!+*&)+6&1+!02!1&-7!)1%!+,&0*!&>>0')'5!,)2!5&+!+.!3&!%02D*.?&%<!I&2D0+&!
+,&! >)0(4*&! .>! D*&?0.42! )1+0H01>()66)+.*5! +,&*)D0&2! 01! '(010')(! +*0)(27! %)+)! %&2'*0301A! +,&!
&1,)1'&6&1+!.>!&1%.A&1.42!*&2.(4+0.1!01!+,02!+,&202!)1%!-0%&*!(0+&*)+4*&!24AA&2+!)!D.20+0?&!>4+4*&!
>.*!6.%4()+01A!KSJ#OFTU!)2!)!+,&*)D5!>.*!2+*./&<!=,&!D.22030(0+5!+,)+!+,02!+*&)+6&1+!6)5!1.+!3&!)2!
+&6D.*)((5!*&2+*0'+0?&!)2!+SF!02!'&*+)01(5!&1'.4*)A01A.!
=,&! >.((.-01A! 02! )! N4.+)+0.1! >*.6! D0.1&&*01A! &1%.'*01.(.A02+! S*.>&22.*! 9)12! ;&(5&! P"_XZH\#Q7!
-,0',! $! >0*2+! ,&)*%! 42&%! 35! S*.>&22.*! G0'/! c.4(%01A! 01! ,02! #X"#! F-&%"# K*,&7'*! .1! 2+*&22! )+! +,&!
O'!&!+)#F)-'.-,%?%@!,-?#E%,!*&3#-01+&*!6&&+01A<!$!,)?&!3.**.-&%!+,&!D,*)2&!+.!'(.2&!+,02!+,&2027!)2!
0+! ')D+4*&2! D&*>&'+(5! +,&! D.+&1+0)(! 01! +)*A&+01A! +,&! *&2.(4+0.1! .>! 01>()66)+0.1<! W)',!6&1+0.1! .>!
p2+*&22q!02!*&D()'&%!35!p01>()66)+0.1q7!01!+,&!'.1>0%&1'&!+,)+!+,&!+-.!)>>(0'+0.12!)*&!2.!01+&*+-01&%!
)2!1.+!+.!'.**4D+!;&(5&q2!2&1+06&1+`!
Y96#9#.-3#$*"&7'*#-#5'*/!,&!%"Z'*+*-',)#%"#[!"6?-..-&!%"\#B!??#D*#.%+&#6'7!&67?#
!6# !&# !+#@7!/*/#D3#&)*#5'!",!5?*#&)-&#B*#.7+&# ?*-'"#&%#!.!&-&*]-"/#!6#"*,*++-'3#
,%''*,&# -"/# ,%.5?*.*"&]&)*# D%/3^+# %B"# -7&%5)-'.-,%?%@!,# *66%'&+# &%#
,%.D-&#&)*#[!"6?-..-&!%"\#6-,&%'#!"#/!+*-+*S_#
]`-"+#E*?3*T##
8()*#a*"*'-?#-/-5&-&!%"#+3"/'%.*#-"/#&)*#/!+*-+*+#%6#-/-5&-&!%"T#GbRW;#
 Chapter 8                  Discussion 
!
"V\!
 Papers 
!
=,&! >.((.-01A! D)D&*2! ,)?&! 3&&1! D43(02,&%! 01! '.1]41'+0.1! -0+,! +,02! +,&202! )+! +,&! +06&! .>! >01)(!
24360220.17!)1%!)*&!012&*+&%!)>+&*!+,02!D)A&`!
• p=)*A&+01A!+,&!8&()1.'.*+01!252+&6!>.*!F1+0H;+*./&!=,&*)D5q7!('*"/+#!"#F)-'.-,%?%@3!PK&3!
#X""Q!9.((.-)5!S87!178%;!Ca7! J&12,)-!I7! K(.-&*!Ji7!c&++01A! ;i7!c)?012! KGW<! Pi.01+!
>0*2+!)4+,.*2<Q!!
• pS$;EW;`! +,&! 20A1! .>! +,01A2! +.! '.6&! 01! 2+&6! '&((! +,&*)D5! >.*! 2+*./&q7! >MEcO! P8)*! #X"#Q!
178%;!Ca7!c)?012!KGW<!
• pc%Ls!'KTKTK:!'.1]4A)+&!>.*!8J$`!)!+)*A&+&%!'.1+*)2+!)A&1+!>.*!K.*65(!S&D+0%&!J&'&D+.*!"!
01! 01>()66)+0.1q7!C)*.C%..! P#X"#Q!;+)204/!ci7!178%;!Ca7!B5(&j012/)HF**0%A&!87! T.D&j!
=*&6.(&%)!i7!=*0AA!B7!:)4*!T4+,*)!;7!8.*022.1!$?&2.1!b7!c)?012!KGW7!T.1A!Gi<!
!
=,&!>.((.-01A!D)D&*!02!01!D*&D)*)+0.1!+.!3&!24360++&%!#X"L`!
• pKD*#OKD*L! 6&',)1026! *&%4'&2! 01>()66)+0.1! 01! )! A(.3)(! 6.%&(! .>! 2+*./&q7! 178%;! Ca7!
c)?012!KGW<!
!
                    References 
!
"V_!
 References 
F3%&(/)*067!c<!W<7!:<!c&*+j7!E<!9)*627!i<!:)+',)1.?7!d<!I0*1)A(7!E<!;j)3.!)1%!8<!W1%*&2!P#XX"Q<!
}S*.+&'+0?&!&>>&'+2!.>!SiLV7!)!1.?&(7!D.+&1+!01,030+.*!.>!D.(5PFISH*03.2&Q!D.(56&*)2&!PSFJSQ!01!
01!?0+*.!)1%!01!?0?.!6.%&(2!.>!2+*./&<}!$1+!i!8.(!8&%!BPLQ`!#MMH#YX<!
F%)627! 9<! S<7! i*<7! ^<! 9<! ^&1%0C&17! T<! i<! :)DD&((&7! i<! ^0((&*7! ^<! ^<! T.?&7! I<! T<! c.*%.1! )1%! W<! W<!
8)*2,7!L*%!P"__LQ<!}E()220>0')+0.1!.>!243+5D&!.>!)'4+&!02',&60'!2+*./&<!I&>010+0.12!>.*!42&!01!)!
64(+0'&1+&*!'(010')(!+*0)(<!=[F;=<!=*0)(!.>![*A!"X"Z#!01!F'4+&!;+*./&!=*&)+6&1+<}!;+*./&!3.P"Q`!
LMHV"<!
F%)627!9<!S<7!i*<7!c<!%&(!k.DD.7!8<!i<!F(3&*+27!I<!T<!^,)++7!T<!^*)227!F<!K4*()17!J<!T<!c*4337!J<!=<!
90A)2,0%)7! W<! E<! i)4',7! E<! :0%-&((7! S<! I<! T5%&17! T<! ^<! 8.*A&12+&*17! F<! $<! y4*&2,07! J<! 9<!
J.2&1-)22&*7!S<!F<!;'.++!)1%!W<!K<!B0]%0'/2! P#XXZQ<!}c40%&(01&2! >.*! +,&!&)*(5!6)1)A&6&1+!.>!
)%4(+2!-0+,!02',&60'!2+*./&`!)!A40%&(01&!>*.6!+,&!F6&*0')1!9&)*+!F22.'0)+0.1OF6&*0')1!;+*./&!
F22.'0)+0.1! ;+*./&! E.41'0(7! E(010')(! E)*%0.(.A5! E.41'0(7! E)*%0.?)2'4()*! J)%0.(.A5! )1%!
$1+&*?&1+0.1!E.41'0(7!)1%!+,&!F+,&*.2'(&*.+0'!S&*0D,&*)(!b)2'4()*!I02&)2&!)1%!y4)(0+5!.>!E)*&!
[4+'.6&2!01!J&2&)*',!$1+&*%02'0D(01)*5!B.*/01A!c*.4D2`!+,&!F6&*0')1!F')%&65!.>!G&4*.(.A5!
)>>0*62!+,&!?)(4&!.>!+,02!A40%&(01&!)2!)1!&%4')+0.1)(!+..(!>.*!1&4*.(.A02+2<}!;+*./&!)9PMQ`!"YMMH
"Z""<!
F(&22)1%*0107!F<7!;<!G)64*)7!8<!F<!8.2/.-0+j!)1%!i<!b<!^.1?&1+*&!P"___Q<!}8W:"!D*.+&01!/01)2&!
01,030+0.1!D*.+&'+2!)A)012+!%)6)A&!*&24(+01A!>*.6!>.')(!'&*&3*)(!02',&60)<}!S*.'!G)+(!F')%!;'0!
d!;!F!ONP##Q`!"#\YYH"#\Y_<!
F(?)*&j7! b<7! W<! E.+.7! K<! ;&+0&1! )1%! E<! T.D&jHT)**&)! P"__VQ<! }F! D,520')(! 6)D! .>! +-.! '(42+&*2!
'.1+)0101A!+,&!A&1&2!>.*!20C!D*.01>()66)+.*5!*&'&D+.*2<}!$6641.A&1&+0'2!.FP#Q`!"XXH"XL<!
F*)07! :<! )1%! W<! 9<! T.! P#XX_Q<! }WCD&*06&1+)(! 6.%&(2! >.*! )1)(5202! .>! .(0A.%&1%*.'5+&!
D)+,.D,520.(.A5!01!2+*./&<}!WCD!=*)12(!;+*./&!8&%!/`!Y<!
F*%&,)(07!8<! J<! )1%! c<! J.1%.401! P#XXLQ<! }80'*.24*A0')(! 01+*)(4601)(! 60%%(&! '&*&3*)(! )*+&*5!
.''(420.1!6.%&(!01!*.%&1+2<}!F'+)!G&4*.(!;')1%!/FBPVQ`!#YZH#ZM<!
F**)+&7!8<!S<7!i<!8<!J.%*0A4&j7!=<!8<!=*)17!=<!F<!^*.'/!)1%!;<!F<!E41101A,)6!P#XX"Q<!}E(.101A!.>!
,46)1! ]41'+0.1)(! )%,&20.1! 6.(&'4(&! L! PiF8LQ! )1%! 0+2! 0%&1+0>0')+0.1! )2! +,&! iF8#! '.41+&*H
*&'&D+.*<}!i.4*1)(!.>!^0.(.A0')(!E,&602+*5!3BNPV_Q`!VM\#YHVM\L#<!
F*4*7!;<7!d<!W<!d',&7!:<!J&j)4(7!8<!K.1A7!b<!;'*)1+.17!F<!W<!E.-)17!B<!8.,(&*!)1%!I<!:<!9)1!
P#XXLQ<!}F11&C01!$!02!)1!&1%.A&1.42!(0A)1%!+,)+!6&%0)+&2!)D.D+.+0'!'&((!&1A4(>6&1+<}!I&?!E&((!
.PVQ`!M\ZHM_\<!
F2-)10/46)*7! ;<7! ^<! E.*'.*)17! W<! ;',0>>6)117! F<! J<! I)57! J<! i<! K*&&*7! 9<! i<! ;,.-&((! )1%! W<! T<!
^&'/&*!P"_ZZQ<!}I&6.12+*)+0.1!.>!)!*&'&D+.*!.1!*)330+!1&4+*.D,0(2!>.*!',&6.+)'+0'!D&D+0%&2<}!
^0.',&6!^0.D,52!J&2!E.6641!B.P#Q`!\"XH\"Z<!
^)30.*7!^<!8<! P"_\VQ<! }[C0%)1+2! >*.6!D,)A.'5+&2`!)A&1+2!.>!%&>&12&!)1%!%&2+*4'+0.1<}!^(..%!
N.PMQ`!_M_H_YY<!
^)',&*7! F<7! i<! m<! :-.1! )1%!8<!9<! k.*1.-! P"__\Q<! }W>>&'+2! .>! +&6D&*)+4*&! .1! '&*&3*)(! +0224&!
.C5A&1! +&120.17! ')*3.1!%0.C0%&! +&120.17!)1%!D9!%4*01A! +*)120&1+!A(.3)(! 02',&60)! 01! *)330+2<}!
F1&2+,&20.(.A5!99P#Q`!VXLHVX_<!
                    References 
!
"MX!
^)%.()+.7!J<7!i<!8<!B)1A7!B<!i<!84*D,57!F<!J<!T(.5%7!I<!K<!80',0&(7!T<!T<!^)422&*6)17!I<!i<!:&(?01!
)1%!i<! i<![DD&1,&06!P"__VQ<!};&*46!)65(.0%!F! 02!)!',&6.)++*)'+)1+`! 01%4'+0.1!.>!60A*)+0.17!
)%,&20.17!)1%!+0224&!01>0(+*)+0.1!.>!6.1.'5+&2!)1%!D.(56.*D,.14'(&)*!(&4/.'5+&2<}!i!WCD!8&%!
/9FP"Q`!#XLH#X_<!
^)&7! m<! ;<7!9<! m<! T&&7! W<! i<! i.7! i<! $<! :067!9<! :<! :)1A7! J<!I<! m&7! i<! m<! :-)/! )1%! ;<!9<! J54! P#XXVQ<!
}$%&1+0>0')+0.1!.>!D&D+0%&2!+,)+!)1+)A.10j&!>.*65(!D&D+0%&!*&'&D+.*H(0/&!"H6&%0)+&%!20A1)(01A<}!
i!$6641.(!/B)P"Q`!YXZHY"V<!
^)&7!m<!;<7!W<!m<!S)*/7!m<!:067!J<!9&7!J<!I<!m&7!i<!m<!:-)/7!S<!c<!;4,!)1%!;<!9<!J54!P#XXLQ<!}G.?&(!
',&6.)++*)'+)1+!D&D+0%&2!>.*!,46)1!(&4/.'5+&2<}!^0.',&6!S,)*6)'.(!NNP_Q`!"\V"H"\M"<!
^).7!T<7!G<!S<!c&*)*%7!J<!T<!W%%57!i*<7!=<!^<!;,.-2!)1%!E<!c&*)*%!P"__#Q<!}8)DD01A!.>!A&1&2!>.*!
+,&! ,46)1! EM)! *&'&D+.*! PEMFJQ7! ,46)1! K8TS! *&'&D+.*! PKSJQ7! )1%! +-.! K8TS! *&'&D+.*!
,.6.(.A4&!.*D,)1!*&'&D+.*2!PKSJ9"7!KSJ9#Q!+.!',*.6.2.6&!"_<}!c&1.60'2!/)P#Q`!VLZHVVX<!
^)*3&*7!S<!F<7!=<!K.10./7!I<!:0*/7!F<!8<!^4',)17!;<!T)4*&1+7!;<!^.4+*57!J<!G<!84((&*7!T<!9.5+&7!^<!
=.6)1&/!)1%!d<!$<!=4.*!P#XXVQ<!}8J!6.(&'4()*!06)A01A!.>!&)*(5!&1%.+,&(0)(!)'+0?)+0.1!01!>.')(!
02',&60)<}!F11!G&4*.(!ENP"Q`!""YH"#X<!
^)*/)(.-7! K<! i<7! 8<! i<! c..%6)1! )1%! =<! G<! 8)5)%)2! P"__YQ<! }E4(+4*&%! 64*01&! '&*&3*)(!
60'*.?)2'4()*! &1%.+,&(0)(! '&((2! '.1+)01! ?.1!B0((&3*)1%! >)'+.*HD.20+0?&!B&03&(HS)()%&! 3.%0&2!
)1%!24DD.*+!*)D0%!'5+./01&H01%4'&%!1&4+*.D,0(!)%,&20.1<}!80'*.'0*'4()+0.1!)P"Q`!"_H#\<!
^)2/)5)7!8<!:<7!F<!8<!J).7!F<!I.A)17!I<!I.1)(%2.1!)1%!J<! i<!I&6D2&5! P"__ZQ<! }=,&!30D,)20'!
.D&101A!.>!+,&!3(..%H3*)01!3)**0&*!01!+,&!'.*+&C!)1%!,0DD.')6D42!)>+&*!+*)46)+0'!3*)01!01]4*5!
01!*)+2<}!G&4*.2'0!T&++!33NP"Q`!LLHLY<!
^&'/&*7!W<!T<7!K<!F<!K.*.4,)*7!8<!T<!c*411&+7!K<!^.4()57!8<!=)*%0>7!^<!i<!^.*6)117!I<!;.%])7!J<!I<!
m&7!i<!J<!B.2/)7!i*<!)1%!S<!8<!84*D,5!P"__\Q<!}^*.)%!06641.'5+.',&60')(!(.')(0j)+0.1!.>!+,&!
>.*65(D&D+0%&!*&'&D+.*!01!,46)1!.*A)127!+0224&27!)1%!'&((2<}!E&((!=0224&!J&2!3O3P"Q`!"#_H"LM<!
^&()5&?7! T<7! J<! ^42+.7! B<! k,).7! c<! K&*1)1%&j! )1%!8<! I<! c0123&*A! P"___Q<! }80%%(&! '&*&3*)(!
)*+&*5! .''(420.1! 01! +,&!6.42&!35! 01+*)(4601)(! 24+4*&! '.)+&%!-0+,!D.(5HTH(5201&`! 1&4*.(.A0')(!
)1%!,02+.(.A0')(!?)(0%)+0.1<}!^*)01!J&2!9))P#Q`!"\"H"_X<!
^&1)7! ;<7! b<! ^*)1')(&.1&7! i<! 8<! B)1A7! 8<! S&**&++0! )1%! J<! i<! K(.-&*! P#X"#Q<! }F11&C01! F"!
01+&*)'+0.1! -0+,! KSJ#OFTU`! 0%&1+0>0')+0.1! .>! %02+01'+! %.6)012! )1%! %.-12+*&)6! )22.'0)+&%!
20A1)((01A<}!i!^0.(!E,&6<!
^&11&++7!T<!I<7!i<!8<!K.C!)1%!G<!;0A1.*&+!P#X""Q<!}8&',)10262!*&A4()+01A!',&6./01&!*&'&D+.*!
)'+0?0+5<}!$6641.(.A5!/).PLQ`!#VYH#MY<!
^&*1)*%7!;<!F<7!=<!B<!c*)57!8<!I<!^402+7!^<!8<!i.1&27!B<!;0(?&2+&*7!c<!c4++&*0%A&!)1%!:<!;60+,!
P#XX#Q<! }=*&)+6&1+! .>! '.6)+.2&! 24*?0?.*2! .>! .4+H.>H,.2D0+)(! ')*%0)'! )**&2+! -0+,! 01%4'&%!
,5D.+,&*60)<}!G!W1A(!i!8&%!).NP\Q`!MMZHMYL<!
^02-)27!S<7!K<!I&(>)1+07!;<!^&*1)2'.107!8<!8&1A.jj07!8<!E.+)7!G<!S.(&1+)*4++07!F<!8)1+.?)107!F<!
T)jj)*017!;<!;.jj)10!)1%!c<!S.(0!P"__\Q<!}$1+&*(&4/01HY!01%4'&2!6.1.'5+&!',&6.+)'+0'!D*.+&01H"!
01!D&*0D,&*)(!3(..%!6.1.14'(&)*!'&((2!)1%!01!+,&!d_LZ!'&((!(01&<}!^(..%!O/P"Q`!#M\H#YM<!
^(&6/&*7!;<7!I<!F2)/)-)7!c<!c.(%!)1%!;<!I&(D!P#XXZQ<!}$6)A&H3)2&%!642'4(.2/&(&+)(!6.%&(01A`!
FDD(0')+0.127! )%?)1'&27! )1%! >4+4*&! .DD.*+410+0&2<}! i.4*1)(! .>! 6)A1&+0'! *&2.1)1'&! 06)A01A!
3EP#Q`!VV"HVM"<!
^.%&1HF(3)()7! ^<! )1%! J<! T<! ;)''.! P#XXXQ<! }T0>&2+5(&! >)'+.*2! )1%! 2+*./&! *02/`! &C&*'02&7! )('.,.(7!
%0&+7!.3&20+57!26./01A7!%*4A!42&7!)1%!2+*&22<}!E4**!F+,&*.2'(&*!J&D!3P#Q`!"YXH"YY<!
                    References 
!
"M"!
^.A&17!;<!F<7!9<!;<!^)(%-017!;<!E<!B)+/0127!;<!8<!F(3&(%)!)1%!F<!:<!F33)2!P"__#Q<!}F22.'0)+0.1!.>!
64*01&!EIL"!-0+,! +*)1260A*)+01A! (56D,.'5+&2! >.((.-01A!)1+0A&10'! 2+064()+0.1<}!F6! i!S)+,.(!
/./PVQ`!\VLH\MV<!
^.A.422()?2/57!i<7!c<!b)1!8&((&!)1%!K<!J&A(0!P"_\\Q<!}=,&!T)42)11&!;+*./&!J&A02+*5`!)1)(5202!.>!
"7XXX!'.12&'4+0?&!D)+0&1+2!-0+,!>0*2+!2+*./&<}!;+*./&!/OP_Q`!"X\LH"X_#<!
^.**&A))*%7! G<! )1%! i<! ^<! E.-()1%! P"__ZQ<! }c*)14(&2! .>! +,&! ,46)1! 1&4+*.D,0(0'!
D.(56.*D,.14'(&)*!(&4/.'5+&<}!^(..%!9OP"XQ`!LMXLHLM#"<!
^.++0A&*7!^<!B<7!E<!c*)31&*7!9<!^)4&*7!E<!^.%&7!=<!B&3&*7!i<!8.+2',!)1%!W<!8)*+01!P"___Q<!}T.1A!
+&*6!.4+'.6&!)>+&*!.4+H.>H,.2D0+)(! ')*%0)'!)**&2+!-0+,!D,520'0)1! 2+)>>&%!&6&*A&1'5!6&%0')(!
2&*?0'&2`!+,&!d+2+&01!2+5(&!)DD(0&%!+.!)!60%20j&%!4*3)1O2434*3)1!)*&)<}!9&)*+!93PYQ`!YZVHYZ_<!
^.++0A&*7! ^<! B<7! i<! i<! :*4610/(7! S<! c)227! ^<! ;',60+j7! i<! 8.+2',! )1%! W<! 8)*+01! P"__ZQ<! }=,&!
'&*&3*)(! R1.H*&>(.-R! D,&1.6&1.1! )>+&*! ')*%0)'! )**&2+! 01! *)+2HH01>(4&1'&! .>! (.-H>(.-!
*&D&*>420.1<}!J&242'0+)+0.1!).P"Q`!Z_H\Z<!
^.4'&/7!8<!8<!)1%!J<!;15%&*6)1! P"_ZYQ<! }E)('046! 01>(4C! *&N40*&6&1+! >.*!,46)1!1&4+*.D,0(!
',&6.+)C02`!01,030+0.1!35!()1+,)146!',(.*0%&<}!;'0&1'&!/O)PV#MYQ`!_XMH_XZ<!
^.4()57!K<7!8<!=)*%0>7!T<!^*.4',.1!)1%!S<!b0A1)02!P"__XQ<!};51+,&202!)1%!42&!.>!)!1.?&(!GH>.*65(!
D&D+0%&!%&*0?)+0?&!+.!02.()+&!)!,46)1!GH>.*65(!D&D+0%&!*&'&D+.*!'IGF<}!^0.',&6!^0.D,52!J&2!
E.6641!/N9PLQ`!""XLH""X_<!
^.42N4&+7!i<!E<7!;<!;)0107!I<!I<!;+)*/7!S<!K<!9),17!8<!G0A)67!i<!B0++&13&*A!)1%!i<!=<!K&**4''07!i*<!
P"_\\Q<!}c%HI[=F`!',)*)'+&*0j)+0.1!.>!)!1&-!D)*)6)A1&+0'!'.6D(&C<}!J)%0.(.A5!/NNPLQ`!Y_LH
Y_\<!
^.52&17!c<!)1%!9<!E,*02+&12&1!P#XX"Q<!};+*./&!2&?&*0+5!%&+&*601&2!3.%5!+&6D&*)+4*&!01!)'4+&!
2+*./&<}!;+*./&!)3P#Q`!V"LHV"Z<!
^*)1')(&.1&7!b<7!i<!I)((07!;<!^&1)7!J<!i<!K(.-&*7!c<!E0*01.!)1%!8<!S&**&++0!P#X""Q<!}W?0%&1'&!>.*!)1!
)1+0H01>()66)+.*5! (..D! '&1+&*&%! .1! D.(56.*D,.14'(&)*! (&4/.'5+&! >.*65(! D&D+0%&! *&'&D+.*!
#O(0D.C01! FV! *&'&D+.*! )1%! .D&*)+0?&! 01! +,&! 01>()6&%! 60'*.?)2'4()+4*&<}! i! $6641.(! /9NP\Q`!
V_XMHV_"V<!
^*&)7! I<7! =<! ;.3*01.7! 8<! ^()1'.7! 8<! K*)A)7! i<! FA4(()7! 8<! J.%*0A4&jHm)1&j7! J<! J.%*0A4&jH
c.1j)(&j7!G<!S&*&j!%&!()![22)7!J<!T&0*)7!i<!K.*+&j)7!F<!I)?)(.2!)1%!i<!E)2+0((.!P#XX_Q<!}d2&>4(1&22!
.>! ,)D+.A(.301! )1%! 2&*46! )65(.0%! F! D*.+&012! )2! 30.6)*/&*2! >.*! )+,&*.+,*.63.+0'! 02',&60'!
2+*./&!%0)A1.202!'.1>0*6)+0.1<}!F+,&*.2'(&*.202!3FEP#Q`!MY"HMYZ<!
^*.++7! =<7! i<! J<!8)*(&*7! E<! S<! [(01A&*7! 9<! S<! F%)627! i*<7! =<! =.620'/7!B<! c<! ^)*2)17! i<! ^0((&*7! J<!
W3&*(&7!b<!9&*+j3&*A!)1%!8<!B)(/&*!P"_\_Q<!}8&)24*&6&1+2!.>!)'4+&!'&*&3*)(!01>)*'+0.1`!(&20.1!
20j&!35!'.6D4+&%!+.6.A*)D,5<}!;+*./&!3FPZQ`!\Z"H\ZM<!
^4'/01A,)67! i<! E<7! E<! I<! i.,17! W<! ;.(0+.7! =<! =0&*1&57! J<! i<! K(.-&*7! 9<! E,*02+0)1! )1%! i<! 8.**02!
P#XXYQ<!}F11&C01!"7!A(4'.'.*+0'.0%27!)1%!+,&!1&4*.&1%.'*01&H06641&!01+&*>)'&<}!F11!G!m!F')%!
;'0!/F99`!L_YHVX_<!
E)'&*&27! 8<! i<7! E<! T<! ;',(&0&17! i<! B<! :4(4j7! ^<! c&(6)1! )1%! B<! I<! I0&+*0',! P"__MQ<! }W)*(5!
&1%.+,&(0)(!%)6)A&!)1%!(&4/.'5+&!)''464()+0.1!01!D0A(&+!3*)012!>.((.-01A!')*%0)'!)**&2+<}!F'+)!
G&4*.D)+,.(!OFPYQ`!M\#HM_"<!
E)*)?)17!S<!P#XXYQ<!};+*)+&A0&2!>.*!01'*&)201A!+,&!2&120+0?0+5!.>!A)%.(01046!3)2&%!8J$!'.1+*)2+!
)A&1+2<}!E,&6<;.'<J&?<PLMQ`!M"#HM#L<!
                    References 
!
"M#!
E)*%0107! ;<7! i<! I)((07! ;<! K01&2',07!8<! S&**&++07! c<! T41A)*&(()! )1%!8<! T4')++&((0! P#X"#Q<! }c&1&+0'!
)3()+0.1!.>!+,&!>D*"!A&1&!'.1>&*2!D*.+&'+0.1!>*.6!26./01AH01%4'&%!(41A!&6D,52&6)!01!60'&<}!
F6!i!J&2D0*!E&((!8.(!^0.(!.BPLQ`!LL#HLL_<!
E)*60',)&(7! ;<! =<! P#XXMQ<! }J.%&1+! 6.%&(2! .>! >.')(! 2+*./&`! 20j&7! 6&',)10267! )1%! D4*D.2&<}!
G&4*.JC!3PLQ`!L_YHVX_<!
E)2+0((.7!i<7!J<!T&0*)7!8<!8<!c)*'0)7!i<!;&*&1)7!8<!^()1'.!)1%!F<!I)?)(.2!P#XXVQ<!}^(..%!D*&224*&!
%&'*&)2&!%4*01A! +,&!)'4+&!D,)2&!.>! 02',&60'! 2+*./&! 02!)22.'0)+&%!-0+,!3*)01! 01]4*5!)1%!D..*!
2+*./&!.4+'.6&<}!;+*./&!)EP#Q`!M#XHM#Y<!
E,0)1A7!G<7!W<!F<!^&*64%&j7!S<!8<!J0%/&*7!;<!94*-0+j!)1%!E<!G<!;&*,)1!P#XXVQ<!}F2D0*01!+*0AA&*2!
)1+001>()66)+.*5! "MH&D0H(0D.C01!FV! )1%! 01,030+2! +,*.63.C)1&! 01! )! *)1%.60j&%!,46)1! +*0)(<}!
S*.'!G)+(!F')%!;'0!d!;!F!/F/PV#Q`!"M"Z\H"M"\L<!
E,0)1A7! G<7! $<! 8<! K0&**.7! :<! c*.1&*+! )1%! E<! G<! ;&*,)1! P#XXXQ<! }F'+0?)+0.1! .>! (0D.C01! FPVQ!
*&'&D+.*2!35!)2D0*01H+*0AA&*&%!(0D.C012!)1%!2&(&'+!D&D+0%&2!&?./&2!(0A)1%H2D&'0>0'!*&2D.12&2!01!
01>()66)+0.1<}!i!WCD!8&%!/O/PZQ`!""_ZH"#X\<!
E,0)1A7! G<7! E<! G<! ;&*,)17! ;<! W<! I),(&17! i<!8<! I*)j&17! I<!B<! 9)57! c<! W<! J.?)+07! =<! ;,060j47! =<!
m./.60j.! )1%! E<! ^*01/! P#XXYQ<! }=,&! (0D.C01! *&'&D+.*! FTU`! D.+&1+! (0A)1%H2D&'0>0'! )1%!
2+&*&.2&(&'+0?&!)'+0.12!01!?0?.<}!S,)*6)'.(!J&?!E9PLQ`!VYLHV\Z<!
E,047!I<7!I<!:*0&A&*7!E<!b0(()*HE.*%.?)7!;<!W<!:)21&*7!T<!^<!8.*A&12+&*17!S<!T<!^*)+01)7!K<!8<!m)+24!
)1%!i<!E<!c*.++)! P"__\Q<!}$1+*)?&1.42!+0224&!D()2601.A&1!)'+0?)+.*! >.*!)'4+&! 02',&60'!2+*./&`!
>&)2030(0+57!2)>&+57!)1%!&>>0')'5!01!+,&!>0*2+!5&)*!.>!'(010')(!D*)'+0'&<}!;+*./&!3OP"Q`!"\H##<!
E()*0)7! i<! )1%! E<! G<! ;&*,)1! P"__MQ<! }F2D0*01! +*0AA&*2! D*&?0.42(5! 41%&2'*03&%! 30.)'+0?&!
&0'.2)1.0%2!35!,46)1!&1%.+,&(0)(!'&((H(&4/.'5+&!01+&*)'+0.12<}!S*.'!G)+(!F')%!;'0!d!;!F!O3P#"Q`!
_VZMH_VZ_<!
'(010')(+*0)(2<A.?!P#X""Q<!},++D`OO'(010')(+*0)(2<A.?O'+#O*&24(+2a'.1%re##;+*./&e##<}!
E(02,7!E<!^<7!^<!I<!T&?57!G<!E,0)1A7!9<!9<!=)0!)1%!E<!G<!;&*,)1!P#XXXQ<!}[C0%.*&%4'+)2&2!01!(0D.C01!
FV!6&+)3.(0'! 01)'+0?)+0.1`!)!1.?&(! *.(&! >.*!"MH.1.D*.2+)A()1%01!"LH*&%4'+)2&O(&4/.+*0&1&!^V!
"#H,5%*.C5%&,5%*.A&1)2&!01!01>()66)+0.1<}!i!^0.(!E,&6!3BEPLLQ`!#MLZ#H#ML\X<!
E.((0127!8<!F<7!W<!i<!G&)>2&57!:<!i<!84/)6)(7!8<![<!c*)57!I<!F<!S)*/27!I<!:<!I)2!)1%!J<!i<!:.*+,402!
P#XX_Q<! }F('.,.(! 01! 6.%&*)+0.17! ')*%0.D*.+&'+0.17! )1%! 1&4*.D*.+&'+0.1`! &D0%&60.(.A0')(!
'.120%&*)+0.12!)1%!6&',)102+0'!2+4%0&2<}!F('.,.(!E(01!WCD!J&2!))P#Q`!#XYH#"_<!
E.11.((57! W<! ;<7! i*<7! E<! i<! B01>*&&7! I<! 8<! ;+&*17! J<! F<! ;.(.6.1! )1%! I<! i<! S012/5! P"__YQ<!
}S*.'&%4*)(! )1%! 2+*)01H*&()+&%! ?)*0)3(&2! 20A10>0')1+(5! )>>&'+! .4+'.6&! 01! )! 64*01&! 6.%&(! .>!
>.')(!'&*&3*)(!02',&60)<}!G&4*.24*A&*5!)9PLQ`!M#LHML"@!%02'4220.1!ML#<!
E.1*.57! ^<! W<7! c<! I&i.1A! )1%! ;<! I<! 9.*1! P#XX_Q<! }9.2D0+)(H3)2&%! 2+*./&! *&,)30(0+)+0.1! 01! +,&!
d10+&%!;+)+&2<}!=.D!;+*./&!J&,)30(!/NP"Q`!LVHVL<!
E407!m<7!m<!T&7!9<!m)j)-)7!B<!c.1A!)1%!i<!8<!B)1A!P#XX#Q<!}S.+&1+0)(!*.(&!.>!+,&!>.*65(!D&D+0%&!
*&'&D+.*H(0/&!"! PKSJT"Q! 01! 01>()66)+.*5!)2D&'+2!.>!F(j,&06&*R2!%02&)2&<}! i! T&4/.'!^0.(!B3PVQ`!
Y#\HYLM<!
E407!m<!9<7!m<!T&7!U<!k,)1A7!B<!c.1A7!:<!F3&7!J<!;417!i<!b)1!I)66&7!S<!S*..2+!)1%!i<!8<!B)1A!
P#XX#Q<!}dDH*&A4()+0.1!.>!KSJ#7!)!',&6.+)'+0'!*&'&D+.*!>.*!)65(.0%!3&+)!"HV#!PF!3&+)!V#Q7! 01!
64*01&!60'*.A(0)(!'&((2!35!=GK!)(D,)<}!G&4*.30.(!I02!/FPLQ`!LYYHLZZ<!
                    References 
!
"ML!
I)07!m<7!i<!8)].*7!8<!G.?.+15!)1%!=<!F<!9)60(+.1!P#XXMQ<!}$THV!01,030+2!&CD*&220.1!.>!+,&!>.*65(!
D&D+0%&!*&'&D+.*!A&1&!01!6.42&!D&*0+.1&)(!6)'*.D,)A&2<}!i!$1+&*>&*.1!E5+./01&!J&2!3EP"Q`!""H
"_<!
I)?027!;<!8<!)1%!c<!F<!I.11)1!P#XX_Q<!}V<M!,.4*2`!+,&!1&-!+06&!-01%.-!>.*!+0224&!D()2601.A&1!
)'+0?)+.*!01!2+*./&<}!;+*./&!.FPYQ`!##YYH##YZ<!
%&!^.&*7!i<!9<7!E<!W<!9)'/7!F<!i<!b&*,.&?&17!c<!;<!^))*26)7!S<!=<!%&!i.1A7!F<!i<!J)%&6)/&*27!B<!F<!
%&! b*0&2H:1.DD&*+7! F<! J.+,.?)! )1%! F<! :0](2+*)! P"__LQ<! }E,&6.)++*)'+)1+! )1%! 1&4+*.D,0(!
%&A*)14()+0.1! )'+0?0+0&2! *&()+&%! +.! 01+&*(&4/01H\! 01! ?0+*&.42! >(40%! 01! 4?&0+02! )1%! ?0+*&.*&+01)(!
%02.*%&*2<}!$1?&2+![D,+,)(6.(!b02!;'0!).P"#Q`!LLZYHLL\M<!
%&! E.4D)%&7! E<7! W<! ;.(0+.! )1%! i<! I<! T&?01&! P#XXLQ<! }I&C)6&+,)2.1&! &1,)1'&2! 01+&*)'+0.1! .>!
&1%.A&1.42!)11&C01!"!-0+,!TH2&(&'+01!)1%!+*0AA&*2!2,&%%01A!.>!TH2&(&'+01!01!+,&!6.1.'5+0'!'&((!
(01&!dH_LZ<}!^*!i!S,)*6)'.(!/.FP"Q`!"LLH"VM<!
%&(! k.DD.7!c<! i<7! c<!B<! ;',60%H;',.13&017! W<!8.*07! ^<! J<! E.D&()1%! )1%!E<!8<! E,)1A! P"__"Q<!
}S.(56.*D,.14'(&)*!(&4/.'5+&2!.''(4%&!')D0(()*0&2!>.((.-01A!60%%(&!'&*&3*)(!)*+&*5!.''(420.1!
)1%!*&D&*>420.1!01!3)3..12<}!;+*./&!33P"XQ`!"#ZYH"#\L<!
I&1&27! F<7! W<! S01+&)4C7! G<! i<! J.+,-&((! )1%! ;<! 8<! F(()1! P#X""Q<! }$1+&*(&4/01H"! )1%! 2+*./&`!
30.6)*/&*7!,)*301A&*!.>!%)6)A&7!)1%!+,&*)D&4+0'!+)*A&+<}!E&*&3*.?)2'!I02!)3PYQ`!M"ZHM#Z<!
I.1),4&7! :<!8<7! I<! ^4*2+&017!B<! i<!8)1101A! )1%!8<! T<! c*)5! P"__VQ<! };=dI$W;! [K! cIHI=SF!
JWTFU$b$=m!FGI!SJ[=[GHWUE9FGcW!JF=W;!$G!=$;;dW<}!8FcGW=$E!JW;[GFGEW!$G!8WI$E$GW!
)3P"Q`!YYHZY<!
I.11)17! c<! F<7! 8<! K02,&*7!8<!8)'(&.%! )1%! ;<!8<! I)?02! P#XX\Q<! };+*./&<}! T)1'&+! )B/P_Y#VQ`!
"Y"#H"Y#L<!
I.*-)*%7! I<! F<7! E<! I<! T4')27! F<! c<! J.2207! E<! 9)2(&++! )1%! :<! I,)(0-)(! P#X"#Q<! }$6)A01A!
01>()66)+0.1`!6.(&'4()*!2+*)+&A0&2!+.!?024)(0j&!/&5!'.6D.1&1+2!.>!+,&!01>()66)+.*5!')2')%&7!
>*.6!010+0)+0.1!+.!*&2.(4+0.1<}!S,)*6)'.(!=,&*!/)EP#Q`!"\#H"__<!
I4>+.17! G<7! J<! 9)11.17! b<! ^*)1')(&.1&7! i<! I)((07! 9<! ^<! S)+&(7! 8<! c*)57! K<! IRF'N402+.7! i<! E<!
^4'/01A,)67! 8<! S&**&++0! )1%! J<! i<! K(.-&*! P#X"XQ<! }F1+0H01>()66)+.*5! *.(&! .>! +,&! 64*01&!
>.*65(HD&D+0%&! *&'&D+.*! #`! (0A)1%H2D&'0>0'! &>>&'+2! .1! (&4/.'5+&! *&2D.12&2! )1%! &CD&*06&1+)(!
01>()66)+0.1<}!i!$6641.(!/9.PMQ`!#Y""H#Y"_<!
I4>+.17!G<!)1%!8<!S&**&++0!P#X"XQ<!}=,&*)D&4+0'!)1+0H01>()66)+.*5!D.+&1+0)(!.>!>.*65(HD&D+0%&!
*&'&D+.*!)A.102+2<}!S,)*6)'.(.A5!!=,&*)D&4+0'2!/3BP#Q`!"ZMH"\\<!
I411&7!i<!T<7!E<!8<!^)(()1+51&!)1%!:<!T&5!P#XXXQ<!}J.(&!.>!TKFH"!)1%!8FEH"!01!2(.-!*.((01A!)1%!
(&4/.'5+&!)%,&20.1!%4*01A!'5+./01&H01%4'&%!01>()66)+0.1<}!K)2&3!i.4*1)(!/.PVQ`!FZXMHFZXM<!
I4*2+017! 8<7! i<! T<! c).7! 9<! T<! =0>>)157! I<! 8'I&*6.++! )1%! S<! 8<! 84*D,5! P"__VQ<! }I0>>&*&1+0)(!
&CD*&220.1!.>!6&63&*2!.>!+,&!GH>.*65(D&D+0%&!*&'&D+.*!A&1&!'(42+&*! 01!,46)1!D,)A.'5+&2<}!
^0.',&6!^0.D,52!J&2!E.6641!3F/P"Q`!"ZVH"Z_<!
WF;=!P#XX"Q<!}d2&!.>!)1+0H$EF8H"!+,&*)D5!01!02',&60'!2+*./&`!*&24(+2!.>!+,&!W1(06.6)3!F'4+&!
;+*./&!=*0)(<}!G&4*.(.A5!EBP\Q`!"V#\H"VLV<!
W%)*)?.1&! F'4+&! $1>)*'+0.1! ;+4%57! c<! P#XXLQ<! }W>>&'+! .>! )! 1.?&(! >*&&! *)%0')(! 2')?&1A&*7!
&%)*)?.1&! P8E$H"\YQ7! .1! )'4+&! 3*)01! 01>)*'+0.1<! J)1%.60j&%7! D()'&3.H'.1+*.((&%7! %.43(&H
3(01%!2+4%5!)+!64(+0'&1+&*2<}!E&*&3*.?)2'!I02!/EPLQ`!###H##_<!
                    References 
!
"MV!
W(!:&30*7!I<7!T<!i.j2&>7!B<!S)17!T<!B)1A7!G<!F<!S&+)2027!E<!G<!;&*,)1!)1%!i<!c<!K0(&D!P#XX_Q<!}"MH
&D0H(0D.C01! FV! 01,030+2! 65&(.D&*.C0%)2&! 20A1)(01A! )1%! &1,)1'&2! *&2.(4+0.1! .>! )'4+&! (41A!
01]4*5<}!F6!i!J&2D0*!E*0+!E)*&!8&%!/9FPVQ`!L""HL"_<!
W(3067!E<!)1%!c<!T0j)*%!P#XX_Q<!}K(.-!'5+.6&+*0'!01?&2+0A)+0.1!.>!1&4+*.D,0(!.C0%)+0?&!34*2+!)1%!
)D.D+.202!01!D,520.(.A0')(!)1%!D)+,.(.A0')(!20+4)+0.12<}!E5+.6&+*5!F!BEPYQ`!VZMHV\"<!
W62(&57!9<!E<7!E<!i<!;60+,7!J<!K<!c&.*A0.47!F<!b)0(7!;<!i<!9.D/0127!G<!i<!J.+,-&((7!S<!i<!=5**&((!)1%!$<!
F'4+&! ;+*./&! P#XXMQ<! }F! *)1%.602&%! D,)2&! $$! 2+4%5! .>! 01+&*(&4/01H"! *&'&D+.*! )1+)A.102+! 01!
)'4+&!2+*./&!D)+0&1+2<}!i!G&4*.(!G&4*.24*A!S25',0)+*5!BNP"XQ`!"LYYH"LZ#<!
W*12+7!;<7!E<!T)1A&7!F<!B0(3&*27!b<!c.&3&(&*7!b<!c&*/&!)1%!d<!J&2',&*!P#XXVQ<!}F1!)11&C01!"!GH
+&*601)(!D&D+0%&!)'+0?)+&2! (&4/.'5+&2!35! +*0AA&*01A!%0>>&*&1+!6&63&*2!.>! +,&! >.*65(!D&D+0%&!
*&'&D+.*!>)60(5<}!i!$6641.(!/B3P"#Q`!ZYY_HZYZY<!
K0&3)',7! i<! ^<7! S<! I<! ;',&((01A&*7! [<! i)12&17! 8<! 8&5&*7! S<! B0(%&7! i<! ^&1%&*7! S<! ;',*)667! W<!
i4++(&*7!i<![&,(&*7!8<!9)*+6)117!;<!9),1&(7!8<!:1)4+,7!B<!9)'/&!)1%!:<!;)*+.*!P#XX#Q<!}E=!)1%!
%0>>420.1H-&0A,+&%! 8J! 06)A01A! 01! *)1%.60j&%! .*%&*`! %0>>420.1H-&0A,+&%! 06)A01A! *&24(+2! 01!
,0A,&*! )''4*)'5! )1%! (.-&*! 01+&**)+&*! ?)*0)30(0+5! 01! +,&! %0)A1.202! .>! ,5D&*)'4+&! 02',&60'!
2+*./&<}!;+*./&!))P_Q`!##XYH##"X<!
K0&**.7! $<!8<7!;<!S<!E.(A)17!c<!^&*1)2'.107!G<!F<!S&+)2027!E<!^<!E(02,7!8<!F*0+)!)1%!E<!G<!;&*,)1!
P#XXLQ<!}T0D.C01!FV!)1%!)2D0*01H+*0AA&*&%!"MH&D0H(0D.C01!FV!01,030+!,46)1!1&4+*.D,0(!60A*)+0.1`!
'.6D)*02.12! 3&+-&&1! 251+,&+0'! "M! &D06&*2! 01! ',&6.+)C02! )1%! +*)1260A*)+0.1! -0+,!
60'*.?&22&(!&1%.+,&(0)(!'&((2!)1%!&D0+,&(0)(!'&((2<}!i!$6641.(!/BFPMQ`!#Y\\H#Y_V<!
K0.*&7!;<7!i<!K<!8)%%.C7!9<!I<!S&*&j!)1%!E<!G<!;&*,)1!P"__VQ<!}$%&1+0>0')+0.1!.>!)!,46)1!'IGF!
&1'.%01A!)!>41'+0.1)(!,0A,!)>>010+5!(0D.C01!FV!*&'&D+.*<}!i!WCD!8&%!/9FP"Q`!#MLH#YX<!
K0.*&7!;<7!8<!J.6)1.7!W<!8<!J&)*%.1!)1%!E<!G<!;&*,)1!P"__LQ<!}$1%4'+0.1!.>!>41'+0.1)(!(0D.C01!
FV!*&'&D+.*2!01!9THYX!'&((2<}!^(..%!9/P"#Q`!LL_MHLVXL<!
K02',&*7! d<7! 8<! F*1.(%7! :<! G&%&(+',&?7! J<! F<! ;',.&1&13&*A&*7! T<! :)DD&(&*7! S<! 9.((01A&*7! c<!
;',*.+,7! S<! ^)((01)*0! )1%! 9<! S<! 8)++(&! P#XXYQ<! }$6D)'+! .>! '.6.*30%0+5! .1! 02',&60'! 2+*./&!
.4+'.6&<}!F'+)!G&4*.(!;')1%!//)P#Q`!"X\H""L<!
K02,&*7!8<!P"__ZQ<!}E,)*)'+&*0j01A!+,&!+)*A&+!.>!)'4+&!2+*./&!+,&*)D5<}!;+*./&!39PVQ`!\YYH\Z#<!
K()?017! 8<! S<7! c<! k,).! )1%! T<! =<! 9.! P#XXXQ<! }80'*.A(0)(! +0224&! D()2601.A&1! )'+0?)+.*! P+SFQ!
+*0AA&*2!1&4*.1)(!)D.D+.202!01!?0+*.<}!c(0)!3OPVQ`!LVZHLMV<!
K.*%7! c<! F<! P#XX\Q<! }E(010')(! D,)*6)'.(.A0')(! 0224&2! 01! +,&! %&?&(.D6&1+! .>! )'4+&! 2+*./&!
+,&*)D0&2<}!^*!i!S,)*6)'.(!/E)!1I??6!/`!;""#H""_<!
c).7!i<!T<7!9<!E,&17!i<!I<!K0(0&7!E<!F<!:.j)/!)1%!S<!8<!84*D,5!P"__\Q<!}I0>>&*&1+0)(!&CD)120.1!.>!
+,&!GH>.*65(D&D+0%&!*&'&D+.*!A&1&!'(42+&*!01!,46)1!)1%!6.42&<}!c&1.60'2!E/P#Q`!#ZXH#ZY<!
c).7! i<!T<7!F<!c40(()3&*+7! i<!947!m<!T&7!W<!d*0j)*7!W<!;&(0A6)17!:<! i<!K)1A7!U<!m4)17!b<! $63)4(+7!I<!
E.664107!i<!8<!B)1A7!8<!S)*6&1+0&*7!S<!8<!84*D,5!)1%!$<!80A&.++&!P#XXZQ<!}K#T7!)!D&D+0%&!
%&*0?&%! >*.6! ,&6&H301%01A! D*.+&017! ',&6.)++*)'+2! 6.42&! 1&4+*.D,0(2! 35! 2D&'0>0')((5!
)'+0?)+01A!KD*#7!+,&!(.-H)>>010+5!GH>.*65(D&D+0%&!*&'&D+.*<}!i!$6641.(!/B9PLQ`!"VMXH"VMY<!
c)?0127! K<7! c<! m0(6)j! )1%! I<! G<! c*)1A&*! P#XXZQ<! }=,&! &?.(?01A! D)*)%0A6! >.*! 3(..%! '&((H
&1%.+,&(0)(!'&((!01+&*)'+0.12!01!+,&!'&*&3*)(!60'*.'0*'4()+0.1<}!80'*.'0*'4()+0.1!/.PZQ`!YYZHY\"<!
c)?0127!K<!G<!P#X"XQ<!}F*&!>.*65(!D&D+0%&!*&'&D+.*2!1.?&(!+)*A&+2!>.*!+,&*)D&4+0'!01+&*?&1+0.1!
01!02',)&60)H*&D&*>420.1!01]4*5a}!=*&1%2!S,)*6)'.(!;'0!)/PYQ`!#YYH#ZY<!
                    References 
!
"MM!
c)?0127! K<! G<7! i<! I)((07! J<! i<! K(.-&*7! I<! G<! c*)1A&*! )1%!8<! S&**&++0! P#XXZQ<! }F'+0?)+0.1! .>! +,&!
)11&C01!"!'.41+&*H*&A4()+.*5!'0*'40+!)>>.*%2!D*.+&'+0.1! 01!+,&!6.42&!3*)01!60'*.'0*'4()+0.1<}!
KF;W^!i!3/P\Q`!"ZM"H"ZM\<!
c)?0127! K<! G<7! W<! T<! 94A,&27! G<! F<! ^4227! S<! 8<! 9.((.-)57! ;<! i<! c&++01A! )1%! i<! E<! ^4'/01A,)6!
P#X"#Q<!}T&4/.'5+&!*&'*40+6&1+!01!+,&!3*)01!01!2&D202`!01?.(?&6&1+!.>!+,&!)11&C01!"HKSJ#OFTU!
)1+0H01>()66)+.*5!252+&6<}!KF;W^!i<!
c)?0127! K<! G<7! W<! T<! 94A,&27! G<! F<! ^4227! S<! 8<! 9.((.-)57! ;<! i<! c&++01A! )1%! i<! E<! ^4'/01A,)6!
P#X"#Q<!}T&4/.'5+&!*&'*40+6&1+!01!+,&!3*)01!01!2&D202`!01?.(?&6&1+!.>!+,&!)11&C01!"HKSJ#OFTU!
)1+0H01>()66)+.*5!252+&6<}!KF;W^!i!3NP"#Q`!V_ZZHV_\_<!
c)?0127!K<!G<7!F<!8<!:)6)(7!8<!IRF60'.7!;<!8<![(0)10!)1%!8<!S&**&++0! P#XXMQ<!}K.*65(HD&D+0%&!
*&'&D+.*! 02!1.+! 01?.(?&%! 01! +,&!D*.+&'+0.1!)>>.*%&%!35!)11&C01!"! 01!64*01&!)'4+&!65.')*%0)(!
01>)*'+<}!KF;W^!i!/OP"Q`!"XXH"X#<!
c)?0127! K<! G<7! ;<! m.1)7! F<! 8<! :)6)(7! J<! i<! K(.-&*! )1%! 8<! S&**&++0! P#XXLQ<! }T&4/.'5+&!
)1+0)%,&20?&! )'+0.12! .>! )11&C01! "`! FTUJH! )1%! KSJH*&()+&%! )1+0H01>()66)+.*5! 6&',)10262<}!
^(..%!/F/P"XQ`!V"VXHV"VZ<!
c0A)1+&7!S<!J<7!c<!FDD&(3..67!^<!m<!9-)1A7!J<!8<!9)N4&7!8<!T<!m&,7!F<!K<!I4'*4&+7!E<!S<!:&((1&*7!
i<! c.*2/07! ;<! W<! :&&2&'/&*! )1%! W<! ;<! E.11.((57! i*<! P#X""Q<! }$2.>(4*)1&! D*&'.1%0+0.101A! )>>.*%2!
>41'+0.1)(!1&4*.D*.+&'+0.1! 01!)!64*01&!6.%&(!.>! 01+*)'&*&3*)(!,&6.**,)A&<}!F'+)!G&4*.',0*!
;4DD(!///`!"V"H"VV<!
c.4(%01A7!G<!i<7!i<!T<!c.%.(D,017!S<!J<!;,)*()1%7!;<!9<!S&&*27!8<!;)6D2.17!S<!i<!8)%%02.1!)1%!J<!
i<!K(.-&*!P"__XQ<!}F1+0H01>()66)+.*5!(0D.'.*+01!"!D*.%4'+0.1!35!D&*0D,&*)(!3(..%!(&4'.'5+&2!01!
*&2D.12&!+.!,5%*.'.*+02.1&<}!T)1'&+!))EP\ZXLQ`!"V"YH"V"\<!
c*)1A&*7! E<! b<7! ^<! ^<! 9)60(+.1! )1%! J<! E<! K0&%(&*! P"__#Q<! }I02',)*A&! .4+'.6&! )>+&*! 2+*./&!
*&,)30(0+)+0.1<}!;+*./&!3)PZQ`!_Z\H_\#<!
c*)?&27!I<! =<! )1%!m<! i0)1A! P"__MQ<! }E,&6./01&27! )! >)60(5!.>! ',&6.+)'+0'! '5+./01&2<}!E*0+!J&?!
[*)(!^0.(!8&%!NP#Q`!"X_H""\<!
c*.1%Hc0123)',7! E<7! 8<! 9466&(7! =<! B0&2+7! ;<! 9.*2+6)117! :<! S>(&A&*7! 8<! 9&*A&1,),17! 8<!
9.((2+&017! d<! 8)126)117! F<! i<! c*)4! )1%! ;<! B)A1&*! P#XX\Q<! }c&1&! &CD*&220.1! 01! ,46)1!
D&*0D,&*)(!3(..%!6.1.14'(&)*!'&((2!4D.1!)'4+&!02',&60'!2+*./&<}!i!G&4*.(!3EEPMQ`!Z#LHZL"<!
c*.1&*+7! :<7! G<! 8),&2,-)*07! G<! :,)17! $<! J<! 9)22)17! 8<! I411! )1%!8<! T)10)%.! ;',-)*+j6)1!
P#XXMQ<! }F! *.(&! >.*! +,&! 6.42&! "#O"MH(0D.C5A&1)2&! D)+,-)5! 01! D*.6.+01A! &D0+,&(0)(! -.41%!
,&)(01A!)1%!,.2+!%&>&12&<}!i!^0.(!E,&6!39FP"MQ`!"M#YZH"M#Z\<!
9))*6)117!F<7!F<!I&0227!i<!S*.',)2/)7!E<!K.&*',7!^<!B&/2(&*7!$<!J.6&*.7!S<![<!E.4*)4%7!c<!;+.((7!
S<!J0&'/6)11!)1%!8<!^4++6)11!P#X"XQ<!}W?)(4)+0.1!.>!2.(43(&!]41'+0.1)(!)%,&20.1!6.(&'4(&HF!
)2!)!30.6)*/&*!.>!,46)1!3*)01!&1%.+,&(0)(!3)**0&*!3*&)/%.-1<}!ST.;![1&!EP"XQ`!&"LMY\<!
9)((0-&((7! ^<! P"__#Q<! }[C5A&1! J)%0')(2! )2! :&5! 8&%0)+.*2! 01! G&4*.(.A0')(! I02&)2&! H! K)'+! .*!
K0'+0.1<}!F11)(2!.>!G&4*.(.A5!)3`!;"XH;"M<!
9)1/&57!c<!i<!P"___Q<!};6./01A!)1%!*02/!.>!2+*./&<}!i!E)*%0.?)2'!J02/!NPVQ`!#XZH#""<!
9)-/0127! ^<! =<! )1%! =<! S<! I)?02! P#XXMQ<! }=,&! 3(..%H3*)01! 3)**0&*O1&4*.?)2'4()*! 410+! 01! ,&)(+,!
)1%!%02&)2&<}!S,)*6)'.(!J&?!EBP#Q`!"ZLH"\M<!
9)5,.&7!J<!S<7!F<!8<!:)6)(7!W<!;.(0+.7!J<!i<!K(.-&*7!I<!E..D&*!)1%!8<!S&**&++0!P#XXYQ<!}F11&C01!"!
)1%!0+2!30.)'+0?&!D&D+0%&!01,030+!1&4+*.D,0(H&1%.+,&(046!01+&*)'+0.12!41%&*!>(.-`!01%0')+0.1!.>!
%02+01'+!*&'&D+.*!01?.(?&6&1+<}!^(..%!/FBPMQ`!#"#LH#"LX<!
                    References 
!
"MY!
9EF;c! P#XX#Q<! }80(%! +,&*)D&4+0'! ,5D.+,&*60)! +.! 06D*.?&! +,&! 1&4*.(.A0'! .4+'.6&! )>+&*!
')*%0)'!)**&2+<}!G!W1A(!i!8&%!).NP\Q`!MV_HMMY<!
9&1/&(27! :<! 8<7! :<! K*.1%.*>7! 8<! W<! c.1j)(&jH8&]0)7! F<! T<! I.2&>>! )1%! i<! c.6&jHE)63*.1&*.!
P#X""Q<!}$TH\H01%4'&%!1&4+*.D,0(!',&6.+)C02! 02!6&%0)+&%!35!i)142!/01)2&!L!PiF:LQ<}!KW^;!T&++!
E9EP"Q`!"M_H"YY<!
90((7! 8<! I<! )1%! b<! 9)',012/0! P"__\Q<! };+*./&! +*&)+6&1+`! +06&! 02! 3*)01<}! T)1'&+! )E3! 1I??6! )`!
;$$$"XH"V<!
90((027!F<!W<7!i<!F<!d()+.-2/07!S<!^<!^)*/&*7!8<!=.*3&57!B<!k0)07!G<!i<!^&)4',)6D7!;<![,!)1%!J<!i<!
B0+5/! P#XXLQ<! }F! D0(.+! *)1%.60j&%! +*0)(! .>! 01%4'&%! 3(..%! D*&224*&! &(&?)+0.1`! &>>&'+2! .1!
>41'+0.1!)1%!>.')(!D&*>420.1!01!)'4+&!)1%!243)'4+&!2+*./&<}!E&*&3*.?)2'!I02!/NPLQ`!#LYH#VY<!
9.'/2+&017! G<! c<7! I<! ;<! ;)6)%07! :<! c&1%*.1! )1%! ;<! I<! 9)1%(&*! P#XXVQ<! };0)(.**,&)`! )!
6)1)A&6&1+!',)((&1A&<}!F6!K)6!S,520'0)1!NOP""Q`!#Y#\H#YLV<!
9.((.-)57!S<!8<7!9<!:<!;60+,7!I<!J&12,)-7!J<! i<!K(.-&*7!;<! i<!c&++01A!)1%!K<!G<!c)?012! P#X""Q<!
}=)*A&+01A! +,&!6&()1.'.*+01! *&'&D+.*! 252+&6! >.*! )1+0H2+*./&! +,&*)D5<}!=*&1%2!S,)*6)'.(! ;'0!
)3P#Q`!_XH_\<!
9451,7!8<!T<7!b<!F<!K)%./!)1%!S<!8<!9&12.1!P#XX#Q<!}S,.2D,)+0%5(2&*01&H%&D&1%&1+!01A&2+0.1!
.>! )D.D+.+0'! '&((2! D*.6.+&2! =cKH3&+)"! 2&'*&+0.1! )1%! +,&! *&2.(4+0.1!.>! 01>()66)+0.1<}! i! E(01!
$1?&2+!/FOP"Q`!V"HMX<!
$*03)**&17! S<7! :<! E,&17! i<! 947! U<! k,)1A7! B<! c.1A! )1%! i<! 8<! B)1A! P#XXMQ<! }$THV! 01,030+2! +,&!
&CD*&220.1! .>! 6.42&! >.*65(! D&D+0%&! *&'&D+.*! #7! )! *&'&D+.*! >.*! )65(.0%! 3&+)"HV#7! 01! =GKH
)(D,)H)'+0?)+&%!60'*.A(0)<}!i!$6641.(!/BEP_Q`!Y"XXHY"XY<!
$2,0/)-)7!8<7!I<!E..D&*7!i<!J422&((7!i<!B<!;)(+&*7!i<!9<!k,)1A7!F<!G)1%)!)1%!I<!G<!c*)1A&*!P#XXLQ<!
}8.(&'4()*!%&+&*601)1+2!.>! +,&!D*.+,*.63.A&10'! )1%! 01>()66)+.*5!D,&1.+5D&!)2246&%!35!
+,&!D.2+02',&60'!'&*&3*)(!60'*.'0*'4()+0.1<}!;+*./&!).PZQ`!"ZZZH"Z\#<!
$2,0/)-)7! 8<7! W<! ;&/0j4/)7! G<! m)6)A4',07! 9<! G)/)%)+&7! ;<! =&*).7! I<! G<! c*)1A&*! )1%! 9<!
801)60+)10!P#XXZQ<!}F1A0.+&1201!$$!+5D&!"!*&'&D+.*!20A1)(01A!'.1+*034+&2!+.!D()+&(&+H(&4/.'5+&H
&1%.+,&(0)(!'&((!01+&*)'+0.12!01!+,&!'&*&3*)(!60'*.?)2'4()+4*&<}!F6!i!S,520.(!9&)*+!E0*'!S,520.(!
3O3PMQ`!9#LXYH#L"M<!
i0)1A7!T<7!8<!G&-6)17!;<!;)D.*+)7!G<!E,&17!E<!;)13&*A7!S<!J<!;)13&*A!)1%!F<!W<!B0((01A!P#XX\Q<!
}8$SH")(D,)!)1%!8ESH"!$1%4'&!80A*)+0.1!.>!946)1!d630(0')(!E.*%!^(..%!E&((2! 01!8.%&(2!.>!
;+*./&<}!E4**!G&4*.?)2'!J&2!EP#Q`!""\H"#V<!
i.,)122.17!^<!^<!P#X""Q<!}E4**&1+!+*&1%2!01!2+*./&!*&,)30(0+)+0.1<!F!*&?0&-!-0+,!>.'42!.1!3*)01!
D()2+0'0+5<}!F'+)!G&4*.(!;')1%!/3)PLQ`!"VZH"M_<!
i.1&27!=<!9<7!J<!^<!8.*)-&+j7!J<!8<!E*.-&((7!K<!B<!8)*'.4C7!;<!i<!K0+jc033.17!d<!I&c0*.()60!)1%!
J<!c<![]&6)11!P"_\"Q<!}=,*&2,.(%2!.>!>.')(!'&*&3*)(!02',&60)!01!)-)/&!6.1/&52<}!i!G&4*.24*A!
E.PYQ`!ZZLHZ\#<!
:)(01.-2/)7!F<!)1%!i<!T.25!P#XXYQ<!}SWEF8H"7!)!/&5!D()5&*!01!1&4*.01>()66)+0.1<}!W4*!i!G&4*.(!
/)P"#Q`!"#\VH"#_X<!
:)2+&7! 8<! )1%! [<! B)(+06.! P"_ZYQ<! }S*.A1.202! .>! D)+0&1+2! -0+,! 60%%(&! '&*&3*)(! )*+&*5!
.''(420.1<}!;+*./&!BPMQ`!V\#HV\M<!
:,)47! =<7! ;<! m<! T)1A&13)',7!8<! ;',4(0A)7! =<!9)**027!E<!G<! i.,12+.1&7!J<! T<!F1%&*2.1!)1%!F<!c<!
;+&-)*+! P#X""Q<! }F11&C01H"! 20A1)(2! 60+.A&1H2+064()+&%! 3*&)2+! +46.*! '&((! D*.(0>&*)+0.1! 35!
)'+0?)+0.1!.>!+,&!>.*65(!D&D+0%&!*&'&D+.*2!PKSJ2Q!"!)1%!#<}!KF;W^!i!3EP#Q`!V\LHV_Y<!
                    References 
!
"MZ!
:067!;<!I<7!m<!:<!:067!9<!m<!T&&7!m<!;<!:067!;<!c<!i&.17!;<!9<!^)&/7!I<!:<!;.1A7!;<!9<!J54!)1%!m<!;<!
^)&!P#X"XQ<!}=,&!)A.102+2!.>! >.*65(!D&D+0%&!*&'&D+.*2!D*&?&1+!%&?&(.D6&1+!.>!2&?&*&!2&D202!
)>+&*!60'*.30)(!01>&'+0.1<}!i!$6641.(!/9EPZQ`!VLX#HVL"X<!
:01%57! 8<! ;<7! i<! m47! i<! =<! c4.! )1%! 9<! k,4! P"___Q<! }FD.(0D.D*.+&01! ;&*46! F65(.0%! F! 01!
F(j,&06&*R2!I02&)2&<}!i!F(j,&06&*2!I02!/PLQ`!"MMH"YZ<!
:01j&*Hd*2&67!=<!T<7!:<!T<!;4++.17!F<!B)((&*7!c<!8<![6)11!)1%!i<!i<!T01%&*6)1!P#XXYQ<!}84(+0D(&!
*&'&D+.*!2+)+&2!)*&!*&N40*&%!+.!%&2'*03&!3.+,!/01&+0'!301%01A!)1%!)'+0?)+0.1!.>!1&4+*.D,0(2!?0)!
GH>.*65(!D&D+0%&!*&'&D+.*!(0A)1%2<}!E&((!;0A1)(!/9P"XQ`!"ZL#H"ZVZ<!
:0+)A)-)7!:<7!8<!8)+246.+.7!c<!m)1A7!=<!8)34',07!m<!m)A0+)7!8<!9.*0!)1%!=<!m)1)A0,)*)!P"__\Q<!
}E&*&3*)(!02',&60)!)>+&*!30()+&*)(!')*.+0%!)*+&*5!.''(420.1!)1%!01+*)(4601)(!24+4*&!.''(420.1!01!
60'&`!&?)(4)+0.1!.>! +,&!D)+&1'5!.>! +,&!D.2+&*0.*!'.66410')+01A!)*+&*5<}! i!E&*&3!^(..%!K(.-!
8&+)3!/9PMQ`!MZXHMZ_<!
:0++)/)7!8<7!T<!B)1A7!G<!;417!;<!;<!;',*&03&*7!G<!B<!;&&%27!8<!K02,&*!)1%!^<!b<!k(./.?0'!P"__YQ<!
}^*)01! ')D0(()*5! +0224&!D()2601.A&1!)'+0?)+.*! 01!)!%0)3&+&2! 2+*./&!6.%&(<}!;+*./&!3BPVQ`!Z"#H
Z"_<!
:.>(&*7! i<7! =<! [+24/)7! k<! k,)1A7! J<! G.DD&127!8<! J<! c*)>&7! I<!B<! :.,7! b<! T<! I)-2.17! i<!8<! %&!
84*'0)7!S<!I<!94*1!)1%!J<!i<!=*)52+6)1!P#XXYQ<!}I0>>&*&1+0)(!&>>&'+!.>!SFJSH#!%&(&+0.1!.1!3*)01!
01]4*5!)>+&*!>.')(!)1%!A(.3)(!'&*&3*)(!02',&60)<}!i!E&*&3!^(..%!K(.-!8&+)3!3NP"Q`!"LMH"V"<!
:.2+4()27!G<7!S<!:0?02)//7!m<!94)1A7!I<!8)+42&?0'0427!b<!:.2+4()2!)1%!9<!T01/!P"__\Q<!}$2',&60'!
2+*./&! 02! )22.'0)+&%! -0+,! )! 252+&60'! 01'*&)2&! .>! 3(..%! 6.1.14'(&)*! '&((2! &CD*&2201A!
01+&*(&4/01H\!6JGF<}!;+*./&!3OP#Q`!VY#HVYY<!
:.2+4()27!G<7!;<!9<!S&(0%.47!S<!:0?02)//7!b<!:.2+4()2!)1%!9<!T01/!P"___Q<!}$1'*&)2&%!$TH"3&+)7!$TH\7!
)1%! $TH"Z!6JGF! &CD*&220.1! 01! 3(..%!6.1.14'(&)*! '&((2! .32&*?&%! 01! )! D*.2D&'+0?&! 02',&60'!
2+*./&!2+4%5<}!;+*./&!)FP"XQ`!#"ZVH#"Z_<!
:.4-&1,.?&17!8<7!E<!E)*(2+*.67!b<![j&1'0!)1%!9<!T01/!P#XX"Q<!}8)+*0C!6&+)((.D*.+&01)2&!)1%!
'5+./01&!D*.>0(&2!01!6.1.'5+&2!.?&*!+,&!'.4*2&!.>!2+*./&<}!i!E(01!$6641.(!3/PMQ`!LYMHLZM<!
:*)+2.?10/7!W<7!m<!^*.63&*A7![<!;D&*(01A!)1%!W<!k.*&>H;,)10!P#XXMQ<!}[C0%)+0?&!2+*&22!)'+0?)+&2!
+*)12'*0D+0.1! >)'+.*!GKH/^H6&%0)+&%!D*.+&'+0?&! 20A1)(01A! 01! D*06)*5! *)+! 1&4*.1)(! '4(+4*&2<}! i!
8.(!G&4*.2'0!3NP"Q`!#ZHL#<!
:*&+2',6&*7!I<7!F<!:<!c(&2/&7!8<!J)4+&13&*A7!J<!B)1A7!8<!:.3&*(&7!W<!^.,17!=<!;',.1&3&*A7!8<!
i<!J)30&+7! K<!^.4()57! ;<! i<!:(&3)1.>>7!:<!F<! ?)1!:&22&(7! i<!F<! ?)1!;+*0]D7!8<![++.!)1%!F<!S&2',&(!
P#X"XQ<!}946)1!>.*65(!D&D+0%&!*&'&D+.*!#!2&12&2!,0A,(5!D)+,.A&10'!;+)D,5(.'.''42!)4*&42<}!
E&((!9.2+!80'*.3&!BPYQ`!VYLHVZL<!
:4/4(2/07! K<7! K<! ^&1! m&3%*07! i<! T&'/)7!c<! :)4>>&12+&017! ;<! F<! T&?&2N4&7!8<!8)*+01H;)+4&! )1%! i<!
;&?0A15!P#XX_Q<!}WC+*)'&((4()*!F=S!)1%!S#!*&'&D+.*2!)*&!*&N40*&%!>.*!$TH\!+.!01%4'&!1&4+*.D,0(!
60A*)+0.1<}!E5+./01&!.NP#Q`!"YYH"ZX<!
:46)*07!J<7!T<!^<!B0((01A7!;<!I<!S)+&(7!i<!:<!:*)%57!B<!i<!k)?)%.2/07!W<!8<!c03327!;<!i<!b)114''0!)1%!
$<! F<! ;06D2.1! P#X"XQ<! }=,&! SSFJHA)66)! )A.102+7! %)*A(0+)j.1&7! *&2+.*&2! )'4+&! 01>()66)+.*5!
*&2D.12&2! +.! '&*&3*)(! ,5D.C0)H02',&60)! 01! +,&! %0)3&+0'! .3O.3! 6.42&<}! i! E&*&3! ^(..%! K(.-!
8&+)3!)FP#Q`!LM#HLYX<!
T)7!8<7!8<!IRF60'.7!;<!^)1%0&*)7!E<!I0!K0(0DD.7!;<!8<![(0)107! K<!G<!c)?0127!J<! i<! K(.-&*!)1%!8<!
S&**&++0! P#XX"Q<! }F11&C01! "! D&D+0%&2! D*.+&'+! )A)012+! &CD&*06&1+)(! 65.')*%0)(! 02',&60)H
*&D&*>420.1`!)1)(5202!.>!+,&0*!6&',)1026!.>!)'+0.1<}!KF;W^!i!/EP"#Q`!##VZH##MY<!
T)1%)47!B<!8<!P"__#Q<!}E)42&2!.>!2+*./&<}!F11!G&4*.(!)3PVQ`!M_YHM_Z<!
                    References 
!
"M\!
T)+',)-7! J<! W<7! 8<! i<! F(3&*+27! 8<! 9<! T&?7! i<! i<! E.11.*27! J<! W<! 9)*3)4A,7! J<! =<! 90A)2,0%)7! J<!
9.32.17!E<!;<!:0%-&((7!B<!i<!:.*.2,&+j7!b<!8)+,&-27!S<!b0(()3()1')7!;<!B)*)',!)1%!^<!B)(+&*2!
P#XX_Q<!}J&'.66&1%)+0.12! >.*! 06)A01A!.>!)'4+&! 02',&60'!2+*./&`!)!2'0&1+0>0'!2+)+&6&1+! >*.6!
+,&!F6&*0')1!9&)*+!F22.'0)+0.1<}!;+*./&!.FP""Q`!LYVYHLYZ\<!
T)?01&7! ;<! I<7! K<! 8<! 9.>6)1! )1%! ^<! b<! k(./.?0'! P"__\Q<! }E0*'4()+01A! )1+03.%5! )A)012+! +46.*!
1&'*.202! >)'+.*H)(D,)!D*.+&'+2! *)+! 3*)01! >*.6! *&D&*>420.1! 01]4*5<}! i! E&*&3!^(..%! K(.-!8&+)3!
/9P"Q`!M#HM\<!
T&&7!9<!m<7!8<!:<!:067!:<!;<!S)*/7!W<!9<!;,017!;<!9<!i.7!;<!I<!:067!W<!i<! i.7!m<!G<!T&&7!E<!T&&7!;<!9<!
^)&/!)1%!m<!;<!^)&!P#XXYQ<!};&*46!)65(.0%!F! 01%4'&2!'.1+*)*5! 06641&!*&2D.12&2!?0)! >.*65(!
D&D+0%&!*&'&D+.*H(0/&!"!01!,46)1!6.1.'5+&2<}!8.(!S,)*6)'.(!BFP"Q`!#V"H#V\<!
T&&7!9<!m<7!;<!I<!:067!i<!B<!;,067!9<!i<!:067!i<!m<!:-.17!i<!8<!:067!;<!9<!^)&/7!i<!;<!S)*/!)1%!m<!;<!
^)&! P#X"XQ<! }F'+0?)+0.1! .>! ,46)1! 6.1.'5+&2! 35! )! >.*65(! D&D+0%&! *&'&D+.*! #H%&*0?&%!
D&D%4'01<}!KW^;!T&++!E9.P"\Q`!V"X#HV"X\<!
T&&7!9<!m<7!;<!I<!:067!i<!B<!;,067!9<!i<!:067!i<!m417!;<!9<!^)&/7!:<!:06!)1%!m<!;<!^)&!P#X"XQ<!}F!
D&*+42202! +.C01! 2&120+0?&! cHD*.+&01H01%&D&1%&1+! D)+,-)5! 02! 01?.(?&%! 01! 2&*46! )65(.0%! FH
01%4'&%!>.*65(!D&D+0%&!*&'&D+.*!#H6&%0)+&%!EET#!D*.%4'+0.1<}!WCD!8.(!8&%!.3PVQ`!LX#HLX_<!
T&&7!9<!m<7!;<!I<!:067!i<!B<!;,067!;<!m<!T&&7!9<!T&&7!:<!9<!E,.7!i<!m41!)1%!m<!;<!^)&!P#XX\Q<!};&*46!
)65(.0%!F! 01%4'&2! EET#!D*.%4'+0.1! ?0)! >.*65(! D&D+0%&! *&'&D+.*H(0/&! "H6&%0)+&%! 20A1)(01A! 01!
,46)1!6.1.'5+&2<}!i!$6641.(!/9/PYQ`!VLL#HVLL_<!
T&&27!:<!J<7!c<!F<!K.*%7!:<!B<!840*7!G<!F,6&%7!F<!c<!I5/&*7!;<!F+4()7!T<!:)(*)7!W<!F<!B)*34*+.17!i<!
E<!^)*.17!I<!K<!i&1/012.17!G<!c<!B),(A*&1!)1%!8<!J<!B)(+&*2!P#XX\Q<!}=,*.63.(5+0'!+,&*)D5!>.*!
)'4+&!2+*./&!01!+,&!d10+&%!:01A%.6`!&CD&*0&1'&!>*.6!+,&!2)>&!06D(&6&1+)+0.1!.>!+,*.63.(5202!
01!2+*./&!P;$=;Q!*&A02+&*<}!yi8!/F/P""Q`!\YLH\Y_<!
T&A.27! i<! i<7!J<!c<!B,0+6.*&7! i<!F<!W*,)*%+7!F<!F<!S)*2.127!J<!K<!=46)!)1%!K<!E<!^)*.1&!P#XXXQ<!
}y4)1+0+)+0?&!',)1A&2! 01! 01+&*(&4/01!D*.+&012!>.((.-01A!>.')(!2+*./&! 01!+,&!*)+<}!G&4*.2'0!T&++!
393PLQ`!"\_H"_#<!
T&.107!c<7!9<!^<!S)+&(7!F<!T<!K<!;)6D)0.7!K<!G<!W<!c)?0127!i<!K<!84**)57!S<!c*0&'.7!;<!i<!c&++01A!)1%!
8<!S&**&++0! P#XX\Q<! }$1>()6&%!D,&1.+5D&!.>! +,&!6&2&1+&*0'!60'*.'0*'4()+0.1!.>!6&()1.'.*+01!
+5D&!L!*&'&D+.*H14((!60'&!)>+&*!02',&60)H*&D&*>420.1<}!K)2&3!i.4*1)(!33P"#Q`!V##\HV#L\<!
T&?)22&4*7! i<! W<7! W<! S<! B&07! F<! i<! J)D&*7! F<! F<! :.1+.2! )1%! i<! T<! S)++&*2.1! P"_ZMQ<! }I&+)0(&%!
%&2'*0D+0.1! .>! )! '*)10)(!-01%.-! +&',10N4&! >.*! )'4+&! )1%! ',*.10'! &CD&*06&1+2<}! ;+*./&!NPLQ`!
LX\HL"Z<!
T&?57!^<!I<7!E<!^<!E(02,7!^<!;',60%+7!:<!c*.1&*+!)1%!E<!G<!;&*,)1! P#XX"Q<! }T0D0%!6&%0)+.*!'()22!
2-0+',01A!%4*01A!)'4+&!01>()66)+0.1`!20A1)(2!01!*&2.(4+0.1<}!G)+!$6641.(!3PZQ`!Y"#HY"_<!
T&?57! ^<! I<7! G<! B<! T4/)'27! F<! F<! ^&*(017! ^<! ;',60%+7! B<! i<! c40(>.*%7! E<! G<! ;&*,)1! )1%! i<! K<!
S)*/012.1!P#XXZQ<!}T0D.C01!FV!2+)3(&!)1)(.A2!*&%4'&!)((&*A0'!)0*-)5!*&2D.12&2!?0)!6&',)10262!
%02+01'+!>*.6!E52T="!*&'&D+.*!)1+)A.1026<}!KF;W^!i!3/P"VQ`!L\ZZHL\\V<!
T&?57!^<!I<7!8<!J.6)1.7!9<!F<!E,)D6)17!i<!i<!J&0((57!i<!I*)j&1!)1%!E<!G<!;&*,)1!P"__LQ<!}946)1!
)(?&.()*!6)'*.D,)A&2! ,)?&! "MH(0D.C5A&1)2&! )1%! A&1&*)+&! "MP;QH,5%*.C5HM7\7""H'02H"LH+*)12H
&0'.2)+&+*)&1.0'!)'0%!)1%!(0D.C012<}!i!E(01!$1?&2+!O3PLQ`!"MZ#H"MZ_<!
T&57!:<!)1%!S<!c)&,+A&12!P"__"Q<!}W1%.+,&(0)(7!1.+!,&6.%51)60'7!%0>>&*&1'&2!)*&!*&2D.1203(&!
>.*!D*&>&*&1+0)(!(&4/.'5+&!*.((01A!01!*)+!6&2&1+&*0'!?&14(&2<}!E0*'!J&2!NOPVQ`!"XLVH"XV"<!
                    References 
!
"M_!
T07! K<7! =<![6)&! )1%!8<! K02,&*! P"___Q<! };D.1+)1&.42! ,5D&*+,&*60)! )1%! 0+2!6&',)1026! 01! +,&!
01+*)(4601)(!24+4*&!60%%(&!'&*&3*)(!)*+&*5!.''(420.1!6.%&(!.>!*)+2<}!;+*./&!)FP""Q`!#VYVH#VZX@!
%02'4220.1!#VZXH#VY"<!
T07!U<7!:<!:<!^(0jj)*%7!k<!k&1A7!F<!E<!I&b*0&27!S<!I<!94*1!)1%!T<!I<!8'E4((.4A,!P#XXVQ<!}E,*.10'!
3&,)?0.*)(! +&2+01A! )>+&*! >.')(! 02',&60)! 01! +,&!6.42&`! >41'+0.1)(! *&'.?&*5! )1%! +,&! &>>&'+2! .>!
A&1%&*<}!WCD!G&4*.(!/9BP"Q`!_VH"XV<!
T07!U<7!i<!F<!:()427!i<!k,)1A7!k<!U47!:<!:<!:03(&*7!;<!F<!F1%*)307!:<!J).7!k<!i<!m)1A7!=<!8<!I)-2.17!b<!
T<!I)-2.1!)1%!J<!E<!:.&,(&*!P#X"XQ<!}E.1+*034+0.12!.>!D.(5PFISH*03.2&Q!D.(56&*)2&H"!)1%!H#!+.!
14'(&)*!+*)12(.')+0.1!.>!)D.D+.202H01%4'01A!>)'+.*!)1%! 01]4*5!>*.6!>.')(!'&*&3*)(! 02',&60)<}! i!
G&4*.',&6<!
T0&2j7!F<7!;<!9)A6)117!E<!k2',.',&7!i<!F%)6&/7!B<!k,.47!T<!;417!F<!94A7!8<!k.*17!F<!I)(D/&7!S<!
G)-*.+,!)1%!J<!b&(+/)6D!P#XX_Q<!}=,&!2D&'+*46!.>!252+&60'!06641&!)(+&*)+0.12!)>+&*!64*01&!
>.')(!02',&60)`!06641.%&D*&220.1!?&*242!06641.6.%4()+0.1<}!;+*./&!.FP\Q`!#\V_H#\M\<!
T067!T<!9<!)1%!;<!S&*?)0j!P#XXZQ<!}F11&C01!"`!+,&!1&-!>)'&!.>!)1!.(%!6.(&'4(&<}!KF;W^!i!3/PVQ`!
_Y\H_ZM<!
T06)Hc)*'0)7!i<!K<7!J<!E<!I4+*)7!:<!%)!;0(?)7!W<!8<!8.++)7!8<!8<!E)6D.2!)1%!i<!^<!E)(0C+.!P#X""Q<!
}=,&!D*&'4*2.*!.>!*&2.(?01!I!2&*0&2!)1%!)2D0*01H+*0AA&*&%!*&2.(?01!I"!%02D()5!)1+0H,5D&*)(A&20'!
D*.D&*+0&2!01!)%]4?)1+H01%4'&%!)*+,*0+02!01!*)+2<}!^*!i!S,)*6)'.(!/N.P#Q`!#Z\H#_L<!
T.'/&7! T<! B<7! 8<! I<! E,.*%0)7! m<! k,)1A7! ^<! :41%47! I<! :&11&%57! i<! T)1%2&)%&(7! T<! U0).7! :<! I<!
K)0*',0(%7! ;<! ;<! ^&**7! i<! T01%&1! )1%! I<! S)1! P#XX_Q<! }F! 1.?&(! 1&4+*.D,0(H2D&'0>0'! SW=! 06)A01A!
)A&1+`!'KTKTK:HSWcHYVE4<}!i!G4'(!8&%!EFPMQ`!Z_XHZ_Z<!
T.1A)7!W<!k<7!S<!J<!B&012+&017!;<!E)*(2.1!)1%!J<!E466012! P"_\_Q<! }J&?&*203(&!60%%(&!'&*&3*)(!
)*+&*5!.''(420.1!-0+,.4+!'*)10&'+.65!01!*)+2<}!;+*./&!3FP"Q`!\VH_"<!
T.2')(j.7! i<! )1%! I<! W<! b)4A,)1! P"_\ZQ<! }=0224&! D()2601.A&1! )'+0?)+.*! D*.6.+&2! D()+&(&+!
%02)AA*&A)+0.1!01!D()26)<}!i!E(01!$1?&2+!BOPYQ`!"ZV_H"ZMM<!
T.j)1.7! i<! I<7! I<! S<! F34()>0)7! c<! 9<! I)1+.17! ^<! I<! B)+2.1! )1%! B<! I<! I0&+*0',! P#XXZQ<!
}E,)*)'+&*0j)+0.1!.>! )! +,*.63.&63.(0'! D,.+.',&60')(!6.%&(! .>! *&D&)+&%! 2+*./&! 01!60'&<}! i!
G&4*.2'0!8&+,.%2!/N3P"H#Q`!#VVH#MV<!
T5%&17! S<7! F<! ;,4)037! :<! GA7! :<! T&?017! J<! S<! F+/012.17! F<! J)]D4+7! T<!B&',2(&*7! =<! F2,-..%7! T<!
E()&22.17! =<! [%&*A*&1! )1%! W<! ;)()j)*Hc*4&2.! P#XX#Q<! }E(.6&+,0)j.(&! F'4+&! ;+*./&! ;+4%5! 01!
02',&60'!2+*./&!PETF;;H$Q`!>01)(!*&24(+2<}!;+*./&!))P"Q`!"##H"#\<!
8)',)%.7!K<!;<7!i<!W<!i.,1%*.-7!T<!W2D&*7!F<!I0)27!F<!^)>0')7!E<!G<!;&*,)1!)1%!i<!F(03&*+0!P#XXYQ<!
}F1+0H01>()66)+.*5!)'+0.12!.>!(0D.C01!FV!)1%!)2D0*01H+*0AA&*&%!(0D.C01!)*&!;[E;H#!%&D&1%&1+<}!
G)+!8&%!/3PLQ`!LLXHLLV<!
8)%%.C7! i<! K<7! 8<! 9)',0',)7! =<! =)/)1.7! G<! F<! S&+)2027! b<! b<! K./01! )1%! E<! G<! ;&*,)1! P"__ZQ<!
}T0D.C01!FV!2+)3(&!)1)(.A2!)*&!D.+&1+!606&+0'2! +,)+! 2+064()+&!,46)1!6.1.'5+&2!)1%!=9SH"!
'&((2!?0)!)!cHD*.+&01H(01/&%!(0D.C01!FV!*&'&D+.*<}!i!^0.(!E,&6!3B3P""Q`!Y_Z#HY_Z\<!
8)%%.C7! i<! K<! )1%! E<! G<! ;&*,)1! P"__YQ<! }T0D.C01! FV! )1%! ^V! )*&! D.+&1+! 2+064(0! >.*! ,46)1!
6.1.'5+&!60A*)+0.1!)1%!)%,&20.1`!2&(&'+0?&!01)'+0?)+0.1!35!%&,5%*.A&1)+0.1!)1%!*&%4'+0.1<}!
i!WCD!8&%!/9)P"Q`!"LZH"VY<!
8)%&*1)7!S<7!I<!E<!E.++&((7!=<!=.0?.1&17!G<!I4>+.17!i<!I)((07!8<!S&**&++0!)1%!E<!c.%2.1!P#X"XQ<!
}KSJ#OFTU! *&'&D+.*! &CD*&220.1! )1%! 01+&*1)(0j)+0.1! )*&! '*0+0')(! >.*! (0D.C01! FV! )1%! )11&C01H
%&*0?&%!D&D+0%&H2+064()+&%!D,)A.'5+.202<}!KF;W^!i!3.P""Q`!V#VXHV#V_<!
                    References 
!
"YX!
8)%&*1)7!S<7!I<!E<!E.++&((7!=<!=.0?.1&17!G<!I4>+.17!i<!I)((07!8<!S&**&++0!)1%!E<!c.%2.1!P#X"XQ<!
}KSJ#OFTU! *&'&D+.*! &CD*&220.1! )1%! 01+&*1)(0j)+0.1! )*&! '*0+0')(! >.*! (0D.C01! FV! )1%! )11&C01H
%&*0?&%!D&D+0%&H2+064()+&%!D,)A.'5+.202<}!KF;W^!i<!
8)6%.4,7!k<7!F<!80/,)0(.?!)1%!B<!F<!84((&*!P#XX_Q<!}=*)12'&((4()*!60A*)+0.1!.>!(&4/.'5+&2!02!
6&%0)+&%!35! +,&!&1%.+,&(0)(! ()+&*)(!3.*%&*! *&'5'(01A!'.6D)*+6&1+<}! i.4*1)(!.>!WCD&*06&1+)(!
8&%0'01&!3FNP"#Q`!#Z_MH#\X\<!
8)1%)(7! S<7! 8<! G.?.+15! )1%! =<! F<! 9)60(+.1! P#XXMQ<! }T0D.D.(52)'',)*0%&! 01%4'&2! >.*65(!
D&D+0%&! *&'&D+.*! "! A&1&! &CD*&220.1! 01!6)'*.D,)A&2! )1%! 1&4+*.D,0(2! ?0)! +*)12'*0D+0.1)(! )1%!
D.2++*)12'*0D+0.1)(!6&',)10262<}!i!$6641.(!/BEP_Q`!YX\MHYX_"<!
8)*',&2&((07! b<! T<7! ;<! 9.1A7! B<! i<! T4/0-7! U<! 9<! =0)17! :<! c*.1&*+7! F<! 842+.7! 8<! 9)*%57! i<! 8<!
c06&1&j7! G<! E,0)1A7! E<! G<! ;&*,)1! )1%!G<! c<! ^)j)1! P#XXLQ<! }G.?&(! %.'.2)1.0%2! 01,030+! 3*)01!
02',&60)H*&D&*>420.1H6&%0)+&%!(&4/.'5+&!01>0(+*)+0.1!)1%!D*.H01>()66)+.*5!A&1&!&CD*&220.1<}!
i!^0.(!E,&6!3B9PVVQ`!VL\XZHVL\"Z<!
8)+24.7! m<7! 9<! [1.%&*)7! m<! ;,0A)7! 9<! ;,.j4,)*)7! 8<! G01.605)7! =<! :0,)*)7! =<! =)6)+)107! 8<!
805)2)/)!)1%!:<!:.A4*&!P"__VQ<!}J.(&!.>!'&((!)%,&20.1!6.(&'4(&2!01!3*)01!01]4*5!)>+&*!+*)120&1+!
60%%(&!'&*&3*)(!)*+&*5!.''(420.1!01!+,&!*)+<}!^*)01!J&2!NENP#Q`!LVVHLM#<!
8)++2.17!8<!S<7!E<!E4(62&&!)1%!k<!K<!m4!P#XXXQ<!}FD.D+.+0'!)1%!)1+0)D.D+.+0'!6&',)10262!01!
2+*./&<}!E&((!=0224&!J&2!)F/P"Q`!"ZLH"\Z<!
8)5j&(H[*&A7! [<7! =<! [6)&7! 8<! :)j&607! K<! T07! 8<! K02,&*7! m<! E.,&1! )1%! E<! 9<! ;.+)/! P#XXVQ<!
}80'*.2D,&*&H01%4'&%!&63.(0'!2+*./&`!)1!8J$!2+4%5<}!8)A1!J&2.1!8&%!E/PYQ`!"#L#H"#L\<!
8'F*+,4*7! ;<7! E<! J&4+(01A2D&*A&*7! J<! K(.-&*! )1%!8<! S&**&++0! P#X"#Q<! }8.1.'5+&! *&'*40+6&1+!
%4*01A!01>()66)+0.1`!)!1.?&(!*.(&!>.*!+,&!)11&C01!F"OKD*#!D)+,-)5<}!^*0+02,!S,)*6)'.(.A0')(!
;.'0&+5!B01+&*!8&&+01A<!
8'E)*+57! i<!9<! P#XXMQ<! }E&((! 30.(.A5! .>! +,&! 1&4*.?)2'4()*! 410+`! 06D(0')+0.12! >.*! %*4A! %&(0?&*5!
)'*.22!+,&!3(..%H3*)01!3)**0&*<}!F22)5!I*4A!I&?!=&',1.(!)P"Q`!\_H_M<!
8&-027! J<! W<! )1%! ;<! i<! F*',03)(%! P#X"XQ<! }^0.6&%0')(! )DD(0')+0.12! .>! 6)'*.'5'(0'! (0A)1%!
'.6D(&C&2<}!E..*%01)+0.1!E,&602+*5!J&?0&-2!3E.P"MH"YQ`!"Y\YH"Z"#<!
80A&.++&7! $<7! I<! E.66410! )1%! 8<! S)*6&1+0&*! P#XXYQ<! }K.*65(! D&D+0%&! *&'&D+.*2`! )!
D*.602'4.42! 243>)60(5! .>! c! D*.+&01H'.4D(&%! *&'&D+.*2! '.1+*.((01A! 06641&! *&2D.12&2<}!
E5+./01&!c*.-+,!K)'+.*!J&?!/BPYQ`!MX"HM"_<!
801)602)-)7!9<7!S<!8&((&*A)*%7!8<!T<!;60+,7!K<!^&1A+22.17!;<!=,&)1%&*7!K<!^.*02H8.((&*!)1%!^<!
:<! ;0&2].! P"__XQ<! }S*&2&*?)+0.1! .>! 3*)01! +&6D&*)+4*&! %4*01A! 02',&60)! 01! *)+2<}! ;+*./&! 3/PMQ`!
ZM\HZYV<!
8.%.7!8<7!I<!E)2,7!:<!8&((.%&-7!;<!E<!B0((0)627!;<!W<!K*)2&*7!=<!i<!8&)%&7!i<!S*0'&!)1%!9<!9.%A&2!
P#XX#Q<! }=*)'/01A! +*)12D()1+&%! 2+&6! '&((! 60A*)+0.1! 4201A! 30>41'+0.1)(7! '.1+*)2+! )A&1+H
&1,)1'&%7!6)A1&+0'!*&2.1)1'&!06)A01A<}!G&4*.06)A&!/BP#Q`!\XLH\""<!
8.**027! c<! K<7! J<! ^4((.'/7! ;<! ^<! 8)*2,)((7! F<! 8)*6)*.47! F<! 8))2! )1%! T<! K<! 8)*2,)((! P"___Q<!
}K)0(4*&! .>! +,&! '.6D&+0+0?&! GH6&+,5(HIH)2D)*+)+&! )1+)A.102+! ;&(>.+&(! PEc;! "_ZMMQ! 01! +,&!
+*&)+6&1+! .>! 2&?&*&! ,&)%! 01]4*5`! *&24(+2! .>! +-.! D,)2&! $$$! '(010')(! +*0)(2<! =,&! ;&(>.+&(!
$1?&2+0A)+.*2<}!i!G&4*.24*A!O/PMQ`!ZLZHZVL<!
841A&*7!:<!F<7!F<!8.1+&*.7!8<!K4/41)A)7!;<!d%)7!=<!m4*)7!W<!$6)07!m<!:)1&%)7!i<!8<!b)(%0?0&(2.!
)1%! :<! K<! ^)%*! P"___Q<! }=*)12>&'+0.1! .>! *)+! /0%1&5! -0+,! ,46)1! "MH(0D.C5A&1)2&! 24DD*&22&2!
01>()66)+0.1!)1%!D*&2&*?&2!>41'+0.1!01!&CD&*06&1+)(!A(.6&*4(.1&D,*0+02<}!S*.'!G)+(!F')%!;'0!
d!;!F!ONP#LQ`!"LLZMH"LL\X<!
                    References 
!
"Y"!
84*)/)607!:<7!=<!:.1%.7!8<!:)-)2&!)1%!S<!9<!E,)1!P"__\Q<!}=,&!%&?&(.D6&1+!.>!)!1&-!6.42&!
6.%&(!.>!A(.3)(! 02',&60)`!>.'42!.1!+,&!*&()+0.12,0D2!3&+-&&1!02',&60)!%4*)+0.17!)1&2+,&20)7!
'&*&3*)(!?)2'4()+4*&7!)1%!1&4*.1)(!01]4*5!>.((.-01A!A(.3)(!02',&60)!01!60'&<}!^*)01!J&2!B9FP#Q`!
LXVHL"X<!
84*)/)607!m<7!:<!;)0+.7!F<!9)*)7!m<!k,47!:<!;4%.7!8<!G0-)7!9<!K4]007!9<!B)%)7!9<!$2,0A4*.7!9<!8.*0!
)1%!8<!;&02,06)! P#XXMQ<! }$1'*&)2&2! 01! +46.*!1&'*.202! >)'+.*H)(D,)! >.((.-01A! +*)120&1+!A(.3)(!
'&*&3*)(! 02',&60)!%.!1.+!'.1+*034+&! +.!1&4*.1!%&)+,! 01!6.42&!,0DD.')6D42<}! i!G&4*.',&6!
O)PYQ`!"Y"YH"Y##<!
84*%.',7! E<! )1%! F<! K011! P#XXXQ<! }E,&6./01&! *&'&D+.*2! )1%! +,&0*! *.(&! 01! 01>()66)+0.1! )1%!
01>&'+0.42!%02&)2&2<}!^(..%!OEP"XQ`!LXL#HLXVL<!
84**)57! S<! i<! P#XXMQ<! }=,&! D*06)*5! 6&',)1026! .>! +,&! $TH"XH*&A4()+&%! )1+001>()66)+.*5!
*&2D.12&!02!+.!2&(&'+0?&(5!01,030+!+*)12'*0D+0.1<}!S*.'!G)+(!F')%!;'0!d!;!F!/F3P#VQ`!\Y\YH\Y_"<!
GE^$!P#X"X)Q<!},++D`OO---<1'30<1(6<10,<A.?OD*.+&01OGSXL#XYM<"!>D*#!642!642'4(42<}!
GE^$!P#X"X3Q<!},++D`OO---<1'30<1(6<10,<A.?OD*.+&01OGSXL#XY\<#!>D*!L!642!642'4(42<}!
GE^$!P#X"X'Q<!},++D`OO---<1'30<1(6<10,<A.?OD*.+&01OFFEML"_\<"!TUFVJ!642!642'4(42<}!
G&0A,7!c<!G<7!:<!:)*&(01)7!W<!J<!c()2D&*7!;<!T<!^.-&*27!G<!k,)1A7!S<!c<!S.D.?0',!)1%!F<!E<!I&b*0&2!
P#XX_Q<!}F1C0&+5!)>+&*!')*%0)'!)**&2+O')*%0.D4(6.1)*5!*&242'0+)+0.1`!&C)'&*3)+&%!35!2+*&22!)1%!
D*&?&1+&%!35!601.'5'(01&<}!;+*./&!.FP""Q`!LYX"HLYXZ<!
GA7! m<! m<7! E<! E<! 9.47! B<! B)1A7! U<! J<! 94)1A! )1%! 9<! m<! T)1! P#XXMQ<! }^(.'/)%&! .>! GK/)DD)^!
)'+0?)+0.1! )1%! *&1)(! 01>()66)+0.1! 35! 4(+*)2.41%H6&%0)+&%! A&1&! +*)12>&*! .>! ;6)%Z! 01! *)+!
*&61)1+!/0%1&5<}!:0%1&5!$1+!;4DD(P_VQ`!;\LH_"<!
G0&%&(7! i<7! ;<! B0(/012.1! )1%! S<! E4)+*&')2)2! P"_Z_Q<! }J&'&D+.*H6&%0)+&%! 4D+)/&! )1%!
%&A*)%)+0.1!.>!"#M$H',&6.+)'+0'!D&D+0%&!35!,46)1!1&4+*.D,0(2<}!i!^0.(!E,&6!3E.P#"Q`!"XZXXH
"XZXY<!
G0&%&(7! i<! W<7! $<! :),)1&! )1%! S<! E4)+*&')2)2! P"_Z_Q<! }J&'&D+.*H6&%0)+&%! 01+&*1)(0j)+0.1! .>!
>(4.*&2'&1+!',&6.+)'+0'!D&D+0%&!35!,46)1!1&4+*.D,0(2<}!;'0&1'&!3FEPVV"LQ`!"V"#H"V"V<!
G$GI;!P"__MQ<!}=0224&!D()2601.A&1!)'+0?)+.*!>.*!)'4+&!02',&60'!2+*./&<!=,&!G)+0.1)(!$12+0+4+&!
.>!G&4*.(.A0')(!I02.*%&*2!)1%!;+*./&!*+HSF!;+*./&!;+4%5!c*.4D<}!G!W1A(!i!8&%!)))P#VQ`!"M\"H
"M\Z<!
[WI!P#X"#Q<!}[C>.*%!W1A(02,!I0'+0.1)*5<}!
[>>1&*7!9<7! ;<! ;43*)6)10)17! ;<!8<!S)*/&*7!8<!W<!F>&1+.4(027!F<!F<!b)1%&13)*/!)1%!S<!I<!94*1!
P#XXYQ<! }WCD&*06&1+)(! 2+*./&! 01%4'&2! 6)220?&7! *)D0%! )'+0?)+0.1! .>! +,&! D&*0D,&*)(! 06641&!
252+&6<}!i!E&*&3!^(..%!K(.-!8&+)3!3NPMQ`!YMVHYYM<!
[/)%)7!m<7!^<!J<!E.D&()1%7!W<!8.*07!8<!8<!=41A7!B<!;<!=,.6)2!)1%!c<!i<!%&(!k.DD.!P"__VQ<!}SH
2&(&'+01! )1%! 01+&*'&((4()*! )%,&20.1! 6.(&'4(&H"! &CD*&220.1! )>+&*! >.')(! 3*)01! 02',&60)! )1%!
*&D&*>420.1<}!;+*./&!3EP"Q`!#X#H#""<!
[(6&j7! $<! )1%! 9<! [j54*+! P#X"#Q<! }J&)'+0?&! .C5A&1! 2D&'0&2! )1%! 02',&60'! '&*&3*.?)2'4()*!
%02&)2&<}!G&4*.',&6!$1+!NFP#Q`!#X\H#"#<!
[(22.17!;<!^<! P#XXLQ<! };+*./&!D*&?&1+0.1!-0+,! +,&!.*)(!%0*&'+! +,*.6301! 01,030+.*!C06&()A)+*)1!
'.6D)*&%! -0+,! -)*>)*01! 01! D)+0&1+2! -0+,! 1.1H?)(?4()*! )+*0)(! >03*0(()+0.1! P;S[J=$K! $$$Q`!
*)1%.602&%!'.1+*.((&%!+*0)(<}!T)1'&+!)N3P_L_ZQ`!"Y_"H"Y_\<!
                    References 
!
"Y#!
[G;7![<!><!G<!;<!P#XX\Q<!8.*+)(0+5!2+)+02+0'2`!I&)+,2!*&A02+&*&%!01!#XX\<!Chapter IX Diseases of the 
circulatory system<!
[*62+)%7!9<7!9<!E<!F)227!G<!T41%H;.*&12&17!:<!K<!F6+,.*!)1%!T<!;)1%?0/!P#X""Q<!};&*46!(&?&(2!
.>!'5+./01&2!)1%!EH*&)'+0?&!D*.+&01!01!)'4+&!02',&60'!2+*./&!D)+0&1+27!)1%!+,&0*!*&()+0.12,0D!+.!
2+*./&!()+&*)(0j)+0.17!+5D&7!)1%!01>)*'+!?.(46&<}!i!G&4*.(!3E9PVQ`!YZZHY\M<!
S)%%&17! 8<7! ;<! T&&',7! ^<! E*)0A7! i<! :0*/7! ^<! ^*)1/01! )1%! ;<! 8'y4)0%! P#XXZQ<! }I0>>&*&1'&2! 01!
&CD*&220.1! .>! ]41'+0.1)(! )%,&20.1! 6.(&'4(&HF! )1%! 3&+)H')+&101! 01! 64(+0D(&! 2'(&*.202! 3*)01!
+0224&`!01'*&)201A!&?0%&1'&!>.*!+,&!*.(&!.>!+0A,+!]41'+0.1!D)+,.(.A5<}!F'+)!G&4*.D)+,.(!//)P#Q`!
"ZZH"\Y<!
S&07!T<7!i<!k,)1A7!K<!k,).7!=<!;47!9<!B&07!i<!=0)17!8<!T0!)1%!i<!;,0!P#X""Q<!}F11&C01!"!&C&*+2!)1+0H
1.'0'&D+0?&!&>>&'+2!)>+&*!D&*0D,&*)(!01>()66)+.*5!D)01!+,*.4A,!>.*65(HD&D+0%&H*&'&D+.*H(0/&!"!
01!*)+!%.*2)(!*..+!A)1A(0.1<}!^*!i!F1)&2+,!/FBPYQ`!_V\H_M\<!
S&117! E<! T<! P#XX_Q<! }=06&! 02! 3*)01<! ;+*./&HH(0/&! +*)46)HH%&6)1%2! 066&%0)+&7! %&>010+0?&!
+*&)+6&1+<}!i!F*/!8&%!;.'!/FEP""Q`!#M#H#MM<!
S&**&++07!8<7!G<!E,0)1A7!8<!T)7!$<!8<!K0&**.7!;<!8)*4((.7!;<!i<!c&++01A7!W<!;.(0+.!)1%!E<!G<!;&*,)1!
P#XX#Q<! }W1%.A&1.42! (0D0%H! )1%!D&D+0%&H%&*0?&%! )1+0H01>()66)+.*5! D)+,-)52! A&1&*)+&%!-0+,!
A(4'.'.*+0'.0%!)1%!)2D0*01!+*&)+6&1+!)'+0?)+&!+,&! (0D.C01!FV!*&'&D+.*<}!G)+!8&%!9P""Q`!"#_YH
"LX#<!
S&**&++07!8<7!9<!E,*02+0)17!;<!:<!B,&((&*7!$<!F0&((.7!:<!c<!84A*0%A&7!i<!K<!8.**027!J<!i<!K(.-&*!)1%!G<!
i<!c.4(%01A! P#XXXQ<! }F11&C01! $! 02! 2+.*&%!-0+,01! A&()+01)2&! A*)14(&2!.>! ,46)1!1&4+*.D,0(! )1%!
6.30(0j&%!.1! +,&! '&((! 24*>)'&!4D.1! )%,&20.1!34+! 1.+! D,)A.'5+.202<}! E&((! ^0.(! $1+!3.PLQ`! "YLH
"ZV<!
S&**&++07!8<!)1%!J<! i<!K(.-&*! P#XXVQ<!}F11&C01!"!)1%!+,&!30.(.A5!.>! +,&!1&4+*.D,0(<}! i!T&4/.'!
^0.(!BNP"Q`!#MH#_<!
S&**&++07!8<7! ;<! i<!c&++01A7! W<! ;.(0+.7! S<!8<!84*D,5!)1%! i<! T<!c).! P#XX"Q<! }$1?.(?&6&1+!.>! +,&!
*&'&D+.*! >.*! >.*65()+&%! D&D+0%&2! 01! +,&! 01! ?0?.! )1+0H60A*)+.*5! )'+0.12! .>! )11&C01! "! )1%! 0+2!
606&+0'2<}!F6!i!S)+,.(!/E9PYQ`!"_Y_H"_ZL<!
S&**&++07!8<7!K<!$1A&A1.(07!;<!:<!B,&((&*7!8<!E<!^()%&27!W<!;.(0+.!)1%!E<!S0+j)(02!P#XX#Q<!}F11&C01!"!
6.%4()+&2! 6.1.'5+&H&1%.+,&(0)(! '&((! 01+&*)'+0.1! 01! ?0+*.! )1%! '&((! 60A*)+0.1! 01! ?0?.! 01! +,&!
,46)1!;E$I!6.42&!+*)12D()1+)+0.1!6.%&(<}!i!$6641.(!/NOPVQ`!#X\MH#X_#<!
S*&2+0A0)'.6.7! E<! i<7! ;<! E<! :067! W<! ;<! E.11.((57! i*<7! 9<! T0).7! ;<! K<! m)1! )1%! I<! i<! S012/5! P"___Q<!
}EI"\H6&%0)+&%! 1&4+*.D,0(! *&'*40+6&1+! '.1+*034+&2! +.! +,&! D)+,.A&1&202! .>! *&D&*>42&%! 34+!
1.+!1.1*&D&*>42&%!2+*./&<}!;+*./&!)FPMQ`!"""XH"""Z<!
S*.2210+j7!W<!J<!)1%!J<!I<!m&!P"__ZQ<!}=,&!GH>.*65(!D&D+0%&!*&'&D+.*`!)!6.%&(!>.*!+,&!2+4%5!.>!
',&6.)++*)'+)1+!*&'&D+.*!2+*4'+4*&!)1%!>41'+0.1<}!S,)*6)'.(!=,&*!B.P"Q`!ZLH"X#<!
S4(201&((07!B<!F<!)1%! i<!^<!^*0&*(&5! P"_Z_Q<! }F!1&-!6.%&(!.>!30()+&*)(!,&602D,&*0'! 02',&60)! 01!
+,&!41)1&2+,&+0j&%!*)+<}!;+*./&!/FPLQ`!#YZH#Z#<!
J)30&+7! 8<! i<7! W<! 94&+! )1%! K<! ^.4()5! P#XXMQ<! }946)1! 60+.',.1%*0)H%&*0?&%! GH>.*65()+&%!
D&D+0%&2!)*&!1.?&(!)A.102+2!&N4)((5!)'+0?&!.1!KSJ!)1%!KSJT"7!-,0(&!T02+&*0)!6.1.'5+.A&1&2H
%&*0?&%!D&D+0%&2!D*&>&*&1+0)((5!)'+0?)+&!KSJ<}!W4*!i!$6641.(!)EP\Q`!#V\YH#V_M<!
J)30&+7!8<!i<7!T<!8)')*07!E<!I),(A*&1!)1%!K<!^.4()5!P#X""Q<!}GH>.*65(!D&D+0%&!*&'&D+.*!L!PKSJLQ!
%&D)*+2! >*.6! +,&! ,.6.(.A.42! KSJ#OFTU! *&'&D+.*! -0+,! *&A)*%! +.! +,&! 6)].*! D*.'&22&2!
A.?&*101A! ',&6.)++*)'+)1+! *&'&D+.*! *&A4()+0.17! &CD*&220.1! )+! +,&! '&((! 24*>)'&7! )1%!
D,.2D,.*5()+0.1<}!i!^0.(!E,&6!39NPLXQ`!#YZ"\H#YZL"<!
                    References 
!
"YL!
J)%.?2/57! F<7! S<! ;)>)*7! K<! ;+&*j7! m<! T&.1.?7! 9<! J&0',! )1%! :<! :43.5)6)! P"__MQ<! }J&A0.1)(!
D*&?)(&1'&!)1%!%02+*034+0.1!.>!02',&60'!1&4*.12!01!%.A!3*)012!_Y!,.4*2!)>+&*!')*%0)'!)**&2+!.>!
X!+.!#X!6014+&2<}!;+*./&!3NP""Q`!#"#ZH#"LL@!%02'4220.1!#"LLH#"#V<!
J&(+.17! i<! :<7! S<! i<! ;+*0]3.27! E<! =<![R;,)4A,1&2257! K<! E)*&57! J<!F<! K.*%&*7! K<! i<! =0(%&*2! )1%!G<! i<!
J.+,-&((! P"__"Q<! }T0D.'.*+01H"! 02! )1! &1%.A&1.42! 01,030+.*! .>! 02',&60'! %)6)A&! 01! +,&! *)+!
3*)01<}!i!WCD!8&%!/B.P#Q`!LXMHL"X<!
J&21)+07!8<7! $<! S)(()?0'0107! i<!8<!B)1A7! i<! [DD&1,&067! E<! G<! ;&*,)17!8<! J.6)1.! )1%! K<! ^()20!
P#XX#Q<! }=,&! >03*01.(5+0'! *&'&D+.*! >.*! 4*./01)2&! )'+0?)+&2! +,&!c!D*.+&01H'.4D(&%! ',&6.+)'+0'!
*&'&D+.*!KSJT"OTUFVJ<}!S*.'!G)+(!F')%!;'0!d!;!F!OOPLQ`!"LM_H"LYV<!
J&51.(%27! :<7! ^<! T&-027! i<! I<! G.(&17! c<! T<! :011&57! ^<! ;)+,5)! )1%! i<! 9&! P#XXLQ<! }F('.,.(!
'.1246D+0.1!)1%!*02/!.>!2+*./&`!)!6&+)H)1)(5202<}!iF8F!39OPMQ`!MZ_HM\\<!
J0',)*%! c*&&17! F<7! =<! [%&*A*&1! )1%! =<! F2,-..%! P#XXLQ<! }F106)(!6.%&(2! .>! 2+*./&`! %.! +,&5!
,)?&!?)(4&!>.*!%02'.?&*01A!1&4*.D*.+&'+0?&!)A&1+2a}!=*&1%2!S,)*6)'.(!;'0!3.P\Q`!VX#HVX\<!
J.,(7!T<7!T<![2+&*A))*%7!E<!k<!;06.12&17!S<!b&2+&*A))*%HS.4(2&17!c<!F1%&*2&17!8<!;)/.,7!I<!T&!
^0,)1! )1%! E<! c5(%&12+&%! P#XX"Q<! }b0)30(0+5! +,*&2,.(%2! .>! 02',&60'! D&1463*)! .>! ,5D&*)'4+&!
2+*./&!%&>01&%!35!D&*>420.1H-&0A,+&%!8J$! )1%!)DD)*&1+!%0>>420.1! '.&>>0'0&1+<}! ;+*./&!)3PMQ`!
""VXH""VY<!
J.602',7!i<7!W<!;',4(&*7!^<!^)2+0)17!=<!^4*A&*7!K<!c<!I41/&(7!F<!;',-0117!F<!F<!9)*+6)11!)1%!W<!S<!
S)N4&2!P"__#Q<!}F11&C012!$!+.!b$`!N4)1+0+)+0?&!%&+&*601)+0.1!01!%0>>&*&1+!,46)1!'&((!+5D&2!)1%!
01!D()26)!)>+&*!65.')*%0)(!01>)*'+0.1<}!^(..%!E.)A4(!K03*01.(5202!)P"Q`!""H"Z<!
J43017!T<!T<!)1%!i<!8<!;+)%%.1!P"___Q<!}=,&!'&((!30.(.A5!.>!+,&!3(..%H3*)01!3)**0&*<}!F114!J&?!
G&4*.2'0!33`!""H#\<!
;)'N4&A1)7!=<7!S<!I&!E)*.(027!F<!F1%*&.(07!J<!K&**)*)7!S<!T06.107!E<!=&2+)!)1%!W<!T4A)*&20!P"_\VQ<!
}T.1A! +&*6! D*.A1.202! )>+&*! .''(420.1! .>! 60%%(&! '&*&3*)(! )*+&*5<}! ^*! 8&%! i! PE(01! J&2! W%Q!
399PYV#_Q`!"V_XH"V_"<!
;)0+.7!:<7!:<!;45)6)7!:<!G02,0%)7!m<!;&0!)1%!F<!;<!^)20(&!P"__YQ<!}W)*(5!01'*&)2&2!01!=GKH)(D,)7!$TH
Y! )1%! $TH"! 3&+)! (&?&(2! >.((.-01A! +*)120&1+! '&*&3*)(! 02',&60)! 01! A&*30(! 3*)01<}! G&4*.2'0! T&++!
3FNP#HLQ`!"V_H"M#<!
;)/)7![<7!F<!8'c40*&!)1%!E<!B.(>&!P#XX_Q<!}E.2+!.>!2+*./&!01!+,&!d10+&%!:01A%.6<}!FA&!FA&01A!
)9P"Q`!#ZHL#<!
;)?&*7!i<!T<!P#XXYQ<!}=06&!02!3*)01HHN4)1+0>0&%<}!;+*./&!)BP"Q`!#YLH#YY<!
;',))*7!:<!T<7!8<!8<!^*&11&6)1!)1%!;<!$<!;)?0+j!P#X"XQ<!}K41'+0.1)(!)22&226&1+2!01!+,&!*.%&1+!
2+*./&!6.%&(<}!WCD!=*)12(!;+*./&!8&%!3P"Q`!"L<!
;',)>>7!d<!m<7!$<!m)6)5.2,07!=<!=2&7!I<!c*0>>017!T<!:03)+,0!)1%!;<!$<!;06.1!P#XX\Q<!}E)('046!>(4C!01!
1&4+*.D,0(2! 251',*.10j&2! 3&+)#! 01+&A*01! )%,&20?&! )1%! 20A1)(01A! &?&1+2! +,)+! A40%&!
01>()66)+.*5!*&'*40+6&1+<}!F11!^0.6&%!W1A!)NPVQ`!YL#HYVY<!
;',0>>6)117!W<7!9<!b<!;,.-&((7!^<!F<!E.*'.*)17!S<!F<!B)*%7!W<!;60+,!)1%!W<!T<!^&'/&*!P"_ZMQ<!}=,&!
02.()+0.1!)1%!D)*+0)(!',)*)'+&*0j)+0.1!.>!1&4+*.D,0(!',&6.+)'+0'!>)'+.*2!>*.6!W2',&*0',0)!'.(0<}!
i!$6641.(!//.PYQ`!"\L"H"\LZ<!
;',1&0%&*7! F<7! ^<! B<! ^.++0A&*! )1%! W<! S.DD! P#XX_Q<! }E&*&3*)(! *&242'0+)+0.1! )>+&*!
')*%0.'0*'4()+.*5!)**&2+<}!F1&2+,!F1)(A!/F9PLQ`!_Z"H_Z_<!
;',-)37! i<!8<7! G<! E,0)1A7!8<! F*0+)! )1%! E<! G<! ;&*,)1! P#XXZQ<! }J&2.(?01! W"! )1%! D*.+&'+01! I"!
)'+0?)+&!01>()66)+0.1H*&2.(4+0.1!D*.A*)66&2<}!G)+4*&!..BPZ"VYQ`!\Y_H\ZV<!
                    References 
!
"YV!
;&*,)17! E<! G<7! G<! E,0)1A! )1%! =<! W<! b)1! I5/&! P#XX\Q<! }J&2.(?01A! 01>()66)+0.1`! %4)(! )1+0H
01>()66)+.*5!)1%!D*.H*&2.(4+0.1!(0D0%!6&%0)+.*2<}!G)+!J&?!$6641.(!9PMQ`!LV_HLY"<!
;&*,)17! E<!G<7!8<!9)63&*A! )1%! ^<! ;)64&(22.1! P"_\VQ<! }T0D.C012`! 1.?&(! 2&*0&2! .>! 30.(.A0')((5!
)'+0?&!'.6D.41%2!>.*6&%!>*.6!)*)',0%.10'!)'0%!01!,46)1!(&4/.'5+&2<}!S*.'!G)+(!F')%!;'0!d!;!
F!9/P"ZQ`!MLLMHMLL_<!
;&*,)17!E<!G<7!;<!9.1A7!:<!c*.1&*+7!;<!S<!E.(A)17!S<!J<!I&?',)1%7!c<!80*0'/!)1%!J<!T<!8.4220A1)'!
P#XX#Q<!}J&2.(?012`!)!>)60(5!.>!30.)'+0?&!D*.%4'+2!.>!.6&A)HL!>)++5!)'0%!+*)12>.*6)+0.1!'0*'40+2!
010+0)+&%!35!)2D0*01!+*&)+6&1+!+,)+!'.41+&*!D*.01>()66)+0.1!20A1)(2<}!i!WCD!8&%!/ONP\Q`!"X#MH
"XLZ<!
;&*,)17!E<!G<7!=<!=)/)1.7!E<!^<!E(02,7!:<!c*.1&*+!)1%!G<!S&+)202!P"___Q<!}F2D0*01H+*0AA&*&%!"MH&D0H
(0D.C01!FV!)1%!1.?&(!(0D.C01!^V!2+)3(&!)1)(.A2!01,030+!1&4+*.D,0(H6&%0)+&%!',)1A&2!01!?)2'4()*!
D&*6&)30(0+5<}!F%?!WCD!8&%!^0.(!.NO`!#\ZH#_L<!
;066.127! :<!8<7! :<! F<! ^*.-17! F<! S<! :0*/7! i<! I<! S&**5! )1%! I<! E<! I46.1%&! P"_\ZQ<! }W1,)1'&%!
',&6.+)C02!.>!6.1.'5+&2!01!*,&46)+.0%!)*+,*0+02<}!^*!i!J,&46)+.(!3NPVQ`!#VMH#MX<!
;0627!G<!J<!)1%!9<!845%&*6)1!P#X"XQ<!}80+.',.1%*0)7!.C0%)+0?&!6&+)3.(026!)1%!'&((!%&)+,!01!
2+*./&<}!^0.',06!^0.D,52!F'+)!/9F3P"Q`!\XH_"<!
;60+,7!9<!:<!Pd1D43(02,&%Q<!}$((42+*)+0.12!.>!2+*./&!)1%!01>()66)+.*5!D*.'&22&2<}!
;60+,7!9<!:<!)1%!K<!G<!c)?012!P#X"#Q<!}=,&!D.+&1+0)(!.>!2+&6!'&((!+,&*)D5!>.*!2+*./&`! 02!S$;EW;!
+,&!20A1a}!KF;W^!i<!
;60+,7!8<!T<7!c<!^&1%&/7!G<!I),(A*&17!$<!J.2&17!=<!B0&(.',!)1%!^<!:<!;0&2].!P"_\VQ<!}8.%&(2!>.*!
2+4%501A! (.1AH+&*6! *&'.?&*5! >.((.-01A! >.*&3*)01! 02',&60)! 01! +,&! *)+<! #<! F! #H?&22&(! .''(420.1!
6.%&(<}!F'+)!G&4*.(!;')1%!NOPYQ`!L\MHVX"<!
;60+,7!B<!;<7!c<!;41A7! i<!;)?&*7!J<!^4%j0/7!c<!I4'/-0(&*7!I<!;<! T0&3&2/01%7!9<! T<! T4+2&D7!8<!8<!
J56&*7!J<!=<!90A)2,0%)7!;<!;+)*/6)17!m<!S<!c.3017!I<!K*&07!=<!c*.3&(157!K<!9&((01A&*7!I<!94%%(&7!E<!
:0%-&((7! B<! :.*.2,&+j7! 8<! 8)*/27! c<! G&230+! )1%! $<! W<! ;0(?&*6)1! P#XX\Q<! }8&',)10')(!
+,*.63&'+.65!>.*!)'4+&!02',&60'!2+*./&`!>01)(!*&24(+2!.>!+,&!84(+0!8WJE$!+*0)(<}!;+*./&!)OPVQ`!
"#XMH"#"#<!
;.(&6)17! ;<7! S<! :<! m0D7! I<! F<! I4*0'/0! )1%! T<! I<! 8..1! P#X"#Q<! }I&()5&%! +*&)+6&1+! -0+,!
',.1%*.0+01)2&!F^E!D*.6.+&2!2&12.*06.+.*!*&'.?&*5!)1%!D()2+0'0+5!)>+&*!2+*./&!01!)A&%!*)+2<}!
^*)01!/)EPS+!VQ`!"#"XH"##L<!
;.(0+.7!W<7!$<!F<!J.6&*.7!;<!8)*4((.7!K<!J422.H8)*0&!)1%!^<!^<!B&/2(&*!P#XXXQ<!}F11&C01!"!301%2!
+.! d_LZ! 6.1.'5+0'! '&((2! )1%! 01,030+2! +,&0*! )%,&20.1! +.! 60'*.?)2'4()*! &1%.+,&(046`!
01?.(?&6&1+!.>!+,&!)(D,)!V!3&+)!"!01+&A*01<}!i!$6641.(!/NEPLQ`!"MZLH"M\"<!
;.6&*27!B<!;<7!i<!=)1A7!c<!I<!;,)-!)1%!J<!=<!E)6D,)42&1!P#XXXQ<!}$120A,+2!01+.!+,&!6.(&'4()*!
3)202!.>! (&4/.'5+&! +&+,&*01A!)1%! *.((01A! *&?&)(&%!35!2+*4'+4*&2!.>!SH!)1%!WH2&(&'+01!3.41%! +.!
;T&PUQ!)1%!S;cTH"<}!E&((!/F)PLQ`!VYZHVZ_<!
;.1.3&7!m<7!9<!=)/&4',07!:<!:)+)./)7!9<!T07!;<!i017!8<!8064*.7!m<!9)2,0j46&7!m<!;)1.7!=<!:)1%)7!
=<!80j41.! )1%! F<! ;4j464*)! P#XX_Q<! }$1+&*(&4/01H#M! &CD*&22&%! 35! 3*)01! ')D0(()*5! &1%.+,&(0)(!
'&((2!6)01+)012!3(..%H3*)01!3)**0&*!>41'+0.1!01!)!D*.+&01!/01)2&!E&D20(.1H%&D&1%&1+!6)11&*<}!i!
^0.(!E,&6!39.PVYQ`!L"\LVHL"\V#<!
;+)204/7!c<! i<7!9<! ;60+,7!8<!B5(&j012/)HF**0%A&7! i<! T<! =*&6.(&%)7!B<!=*0AA7! ;<!:<! T4+,*)7!b<!8<!
$?&2.17! K<! G<! c)?012! )1%! G<! i<! T.1A! P#X"LQ<! }c%PLsQ! 'KTKTK:! '.1]4A)+&! >.*! 8J$`! )! +)*A&+&%!
'.1+*)2+!)A&1+!>.*!KSJ"!01!01>()66)+0.1<}!E,&6!E.6641!PE)63Q!.OPYQ`!MYVHMYY<!
                    References 
!
"YM!
;+&&123&*A7! F<7! E<! S<! K02',&*7! E<! :&((&*7! :<!8.((&*! )1%! ^<! :<! S&%&*2&1! P#XXLQ<! }$THY! &1,)1'&2!
D()26)!$TH"*)7!$TH"X7!)1%!'.*+02.(!01!,46)12<}!F6!i!S,520.(!W1%.'*01.(!8&+)3!39EP#Q`!WVLLHVLZ<!
;+&1>&(%+7!F<!T<7!i<!:)*(22.17!E<!B&11&*)27!i<!^5(41%7!9<!K4!)1%!E<!I),(A*&1!P#XXZQ<!}E5'(.2D.*01!
97!^.'H8TK!)1%!^.'HKTKTK!)*&!)1+)A.102+2!+,)+!D*&>&*&1+0)((5!01,030+!)'+0?0+5!+*0AA&*&%!+,*.4A,!
+,&!>.*65(!D&D+0%&!*&'&D+.*<}!$1>()66)+0.1!)FPYQ`!##VH##_<!
;+*)423)4A,7! 9<! i<! )1%! ;<! I<! J.2&1! P#XX"Q<! }F! D.+&1+0)(! *.(&! >.*! )11&C01! "! )2! )! D,520.(.A0'!
6&%0)+.*! .>! A(4'.'.*+0'.0%H01%4'&%! TH2&(&'+01! 2,&%%01A! >*.6! 65&(.0%! '&((2<}! i! $6641.(!
/NNP"XQ`!Y#_VHYLXX<!
;47!;<!^<7!B<!c.1A7!i<!T<!c).7!B<!;,&17!S<!8<!84*D,57!i<!i<![DD&1,&06!)1%!i<!8<!B)1A!P"___Q<!
}F! 2&?&1H+*)126&63*)1&7! c! D*.+&01H'.4D(&%! *&'&D+.*7! KSJT"7! 6&%0)+&2! +,&! ',&6.+)'+0'!
)'+0?0+5!.>!2&*46!)65(.0%!F!>.*!,46)1!D,)A.'5+0'!'&((2<}!i!WCD!8&%!/9OP#Q`!L_MHVX#<!
;4/&*/)*7!S<!F<7!:<!B<!8)'J&1)*027!=<!J<!=.-12&1%7!J<!F<!F,6&%7!i<!W<!^4*%&++&!)1%!=<!i<!8&)%&!
P#X""Q<!};51+,&202!)1%!30.(.A0')(!&?)(4)+0.1!.>!-)+&*H2.(43(&!D*.A&2+&*.1&H'.1]4A)+&%!D*.3&2!
>.*!6)A1&+0'!*&2.1)1'&!06)A01A!.>!,.*6.1&!*&()+&%!')1'&*2<}!^0.'.1]4A!E,&6!33P""Q`!#LXVH
#L"Y<!
=&*1.-0+j7! =<7! =<! 9&*(01! )1%! :<! K.A,! P"_\ZQ<! }946)1! 6.1.'5+&! )1%! D.(56.*D,.14'(&)*!
(&4/.'5+&!',&6.+)'+0'!)1%!',&6./01&+0'!*&2D.12&2!+.!(&4/.+*0&1&!^V!)1%!K8TS<}!F'+)!S)+,.(!
80'*.30.(!$6641.(!;')1%!E!OEP#Q`!VZHMV<!
=0>>)157!9<!T<7! i<!T<!c).7!W<!J.>>&7!i<!8<!;&',(&*!)1%!S<!8<!84*D,5!P#X""Q<!}E,)*)'+&*0j)+0.1!.>!
KD*H*2\7! )1! )+5D0')(! 6&63&*! .>! +,&! 6.42&! >.*65(! D&D+0%&! *&'&D+.*! A&1&! >)60(5<}! i! $11)+&!
$6641!)PMQ`!M"_HM#_<!
=0(A7!9<7!W<!=*&,47!8<!^<!F+/0127!E<!F<!I01)*&((.!)1%!i<!B<!80&*!P"__VQ<!}$1+&*(&4/01HY!P$THYQ!)2!)1!
)1+0H01>()66)+.*5! '5+./01&`! 01%4'+0.1! .>! '0*'4()+01A! $TH"! *&'&D+.*! )1+)A.102+! )1%! 2.(43(&!
+46.*!1&'*.202!>)'+.*!*&'&D+.*!DMM<}!^(..%!9)P"Q`!""LH""\<!
d+A))*%7!i<![<7!K<!T<!i),12&17!F<!^)//)7!S<!^*)1%+j)&A!)1%!c<!9)*)(%2&1!P"__\Q<!}J)D0%!2&'*&+0.1!
.>!D*&2+.*&%!01+&*(&4/01!\!>*.6!B&03&(HS)()%&!3.%0&2!.>!60'*.?)2'4()*!&1%.+,&(0)(!'&((2<}!i!WCD!
8&%!/99P_Q`!"ZM"H"ZMY<!
b)(&1+&7! F<! i<7! I<! =<! c*)?&27! E<! W<! b0)((&Hb)(&1+017! J<! I&(A)%.! )1%! E<! i<! ;',-)*+j! P"_\\Q<!
}S4*0>0')+0.1!.>!)!6.1.'5+&!',&6.+)'+0'!>)'+.*!2&'*&+&%!35!1.1,46)1!D*06)+&!?)2'4()*!'&((2!
01!'4(+4*&<}!^0.',&602+*5!3BP""Q`!V"Y#HV"Y\<!
?)1!T../&*&1!E)6D)A1&7!8<7!c<!J<!=,.6)27!9<!=,03.%&)4C7!i<!=<!S)(6&*7!;<!S<!B0((0)627!I<!c<!
T.-&!)1%!G<!?)1!^*4AA&1!P"___Q<!};&'.1%)*5!*&%4'+0.1!01!+,&!)DD)*&1+!%0>>420.1!'.&>>0'0&1+!.>!
-)+&*7! 01'*&)2&! 01!'&*&3*)(!3(..%!?.(46&7!)1%!%&()5&%!1&4*.1)(!%&)+,!)>+&*!60%%(&!'&*&3*)(!
)*+&*5! .''(420.1! )1%! &)*(5! *&D&*>420.1! 01! +,&! *)+<}! i! E&*&3! ^(..%! K(.-!8&+)3!/OP"#Q`! "LMVH
"LYV<!
b)114''07!;<!i<7!T<!^<!B0((01A7!;<!c.+.7!G<!i<!F(/)5&%7!J<!8<!^*4'/()',&*7!=<!T<!B..%7!i<!=.->0A,07!S<!
I<!94*1!)1%!$<!F<!;06D2.1!P#XX"Q<!}WCD&*06&1+)(!2+*./&!01!+,&!>&6)(&!%0)3&+0'7!%3O%37!6.42&<}!
i!E&*&3!^(..%!K(.-!8&+)3!3/P"Q`!M#HYX<!
b&*A1.((&7!G<7!E<!E.6&*)7!i<!8.*&7!8<!F(?01&*0&!)1%!T<!^4&1.!P"__ZQ<!}WCD*&220.1!)1%!2&'*&+0.1!
.>! (0D.'.*+01!"! 01!A4+! 01>()66)+0.1!)*&!1.+!*&A4()+&%!35!D0+40+)*5H)%*&1)(!)C02<}!F6!i!S,520.(!
3B)P#!S+!#Q`!JY#LHY#_<!
b0()7!G<7!i<!E)2+0((.7!F<!I)?)(.27!F<!W2+&?&7!F<!8<!S()1)2!)1%!F<!E,)6.**.!P#XXLQ<!}T&?&(2!.>!)1+0H
01>()66)+.*5! '5+./01&2! )1%! 1&4*.(.A0')(!-.*2&101A! 01! )'4+&! 02',&60'! 2+*./&<}! ;+*./&!).PLQ`!
YZ"HYZM<!
                    References 
!
"YY!
b.*)7!G<!F<7!;<! i<!;,../7!9<!E<!;',46)',&*7!F<! T<!=0&?2/57!c<!B<!F(3&*27! T<!J<!B&',2(&*!)1%!J<!
c4D+)!P#X""Q<!}F!MH0+&6!2')(&!+.!D*&%0'+!2+*./&!.4+'.6&!)>+&*!'.*+0')(!60%%(&!'&*&3*)(!)*+&*5!
+&**0+.*5! 01>)*'+0.1`!?)(0%)+0.1!>*.6!*&24(+2!.>!+,&!I0>>420.1!)1%!S&*>420.1!$6)A01A!W?)(4)+0.1!
>.*!d1%&*2+)1%01A!;+*./&!W?.(4+0.1!PIWKd;WQ!;+4%5<}!;+*./&!.3PLQ`!YVMHYV_<!
B)]&HF1%*&)22&17!d<7!i<!:*)/&1&27!W<!d(?&2+)%7!T<!=,.6)22&17!:<!8<!85,*7!i<!F)*2&+,!)1%!E<!F<!
b&%&(&*! P#XXMQ<! }$THY`! )1! &)*(5! 6)*/&*! >.*! .4+'.6&! 01! )'4+&! 02',&60'! 2+*./&<}! F'+)! G&4*.(!
;')1%!///PYQ`!LYXHLYM<!
B)(+,&*7! F<7! :<! J0&,&6)11! )1%! b<! c&*/&! P#XXXQ<! }F! 1.?&(! (0A)1%! .>! +,&! >.*65(! D&D+0%&!
*&'&D+.*`!)11&C01! $! *&A4()+&2!1&4+*.D,0(!&C+*)?)2)+0.1!35! 01+&*)'+01A!-0+,!+,&!KSJ<}!8.(!E&((!
EPMQ`!\L"H\VX<!
B)1A7! K<7! m<!B)1A7! U<! c&1A7! :<! F26)*.7! E<! S&1A7! i<!8<! ;4((0?)17! i<! m<! I01A7! U<! i0! )1%! m<! I01A!
P#X"#Q<! }G&4*.D*.+&'+0?&! &>>&'+! .>! )'4+&! &+,)1.(! )%60102+*)+0.1! 01! )! *)+! -0+,! +*)120&1+!
'&*&3*)(!02',&60)<}!;+*./&!.)P"Q`!#XMH#"X<!
B)1A7! y<7! U<! G<! =)1A! )1%! 8<! F<! m&1)*0! P#XXZQ<! }=,&! 01>()66)+.*5! *&2D.12&! 01! 2+*./&<}! i!
G&4*.06641.(!/9.P"H#Q`!MLHY\<!
B)1A7!m<!K<7!;<!W<!=20*/)7!;<!;+*0'/()1%7!S<!W<!;+0&A7!;<!c<!;.*0)1.!)1%!;<!F<!T0D+.1!P"__\Q<!}=0224&!
D()2601.A&1!)'+0?)+.*!P+SFQ!01'*&)2&2!1&4*.1)(!%)6)A&!)>+&*!>.')(!'&*&3*)(! 02',&60)!01!-0(%H
+5D&!)1%!+SFH%&>0'0&1+!60'&<}!G)+!8&%!.P#Q`!##\H#L"<!
B)1A7!k<!c<!)1%!J<!I<!m&!P#XX#Q<!}E,)*)'+&*0j)+0.1!.>!+-.!1&-!6&63&*2!.>!+,&!>.*65(!D&D+0%&!
*&'&D+.*!A&1&!>)60(5!>*.6!"#_;Y!60'&<}!c&1&!3OOP"H#Q`!MZHYL<!
B&((.127!i<!E<7!L*%7!9<!;,&1A7!I<!=<!T)2/.-0+j7!c<!^4*/,)*%!8)'/&12&17!J<!I<!S&)*(2+&01!)1%!I<!;<!
B)*1&*!P#XXXQ<!}F!'.6D)*02.1!.>!2+*)01H*&()+&%!242'&D+030(0+5!01!+-.!64*01&!*&'.?&*5!6.%&(2!
.>!A(.3)(!'&*&3*)(!02',&60)<}!^*)01!J&2!9N9P"Q`!"VH#"<!
B&1j&(H;&0>&*+7!:<7!E<!8<!94*+!)1%!J<!;&0>&*+! P"__\Q<! }90A,!'.12+0+4+0?&!)'+0?0+5!.>! +,&!,46)1!
>.*65(!D&D+0%&!*&'&D+.*<}!i!^0.(!E,&6!3B)PLZQ`!#V"\"H#V"\_<!
B0((&627!i<7!8<!i.10)47!;<!E01N4&!)1%!i<!?)1!I)66&!P"_\_Q<!}946)1!A*)14(.'5+&!',&6.+)'+0'!
D&D+0%&! P$TH\Q! )2! )! 2D&'0>0'! 1&4+*.D,0(! %&A*)14()+.*`! '.6D)*02.1! -0+,! .+,&*! 6.1./01&2<}!
$6641.(.A5!NBPVQ`!MVXHMV#<!
B0((0)627!c<!J<7!i*<!)1%!K<!E<!;D&1'&*!P"_M\Q<!}=,&!'(010')(!42&!.>!,5D.+,&*60)!>.((.-01A!')*%0)'!
)**&2+<}!F11!;4*A!/.9PLQ`!VY#HVY\<!
B0((0)627!T<!F<7!$<!8)*+01HS)%4*)7!W<!I&])1)7!G<!9.AA!)1%!I<!T<!;066.12!P"___Q<!}$%&1+0>0')+0.1!
)1%! ',)*)'+&*02)+0.1! .>! ,46)1! i41'+0.1)(! F%,&20.1!8.(&'4(&! PiF8Q<}!8.(! $6641.(! )NP"ZQ`!
""ZMH""\\<!
B0((0)627! J<! G<7! E<! F<! S)+&*2.17! :<! W<! W)/012! )1%! S<! ^,)++)',&*]&&! P"_\#Q<! }y4)1+0>0')+0.1! .>!
.'4()*! 01>()66)+0.1`! &?)(4)+0.1! .>! D.(56.*D,.14'(&)*! (&4'.'5+&! 01>0(+*)+0.1! 35! 6&)24*01A!
65&(.D&*.C0%)2&!)'+0?0+5<}!E4**!W5&!J&2!3PZQ`!VYMHVZX<!
B0((0)627!;<!T<7! $<!J<!80(1&7!E<! i<!^)A(&57! i<!J<!c)63(&7!8<!F<!b)%)27!;<!8<!S0+2.1!)1%!m<!:,&-H
c..%)((! P#X"XQ<!}F!D*.01>()66)+.*5!*.(&! >.*!D*.+&.(5+0')((5!'(&)?&%!)11&C01!F"! 01!1&4+*.D,0(!
+*)12&1%.+,&(0)(!60A*)+0.1<}!i!$6641.(!/9EPMQ`!LXMZHLXYL<!
B.(>&12.,17! ;<! )1%! 8<! T(.5%! P#XXYQ<! }9)1%3../! .>! T)3.*)+.*5! F106)(! 8)1)A6&1+! )1%!
B&(>)*&7!=,0*%!W%0+0.1<}!^()'/-&((!S43(02,01A<!
B.(>&12.,17! ;<! )1%! 8<! T(.5%! P#XXZQ<! }9)1%3../! .>! T)3.*)+.*5! F106)(! 8)1)A&6&1+! )1%!
B&(>)*&7!=,0*%!W%0+0.1<}!^()'/-&((!S43(02,01A<!
                    References 
!
"YZ!
B.*+,6)117!9<7!J<!I&1A(&*7!9<!;',46)',&*7!F<!;',-)*+j7!B<!c<!W02&*+7!J<!T0',+01A,)A&1!)1%!:<!
B&022&13.*1!P#X"#Q<!}8.1.'5+&!',&6.+)'+0'!D*.+&01H"!)2!)!D.+&1+0)(!30.6)*/&*!>.*!&)*(5!)1+0H
+,*.63.+0'!+,&*)D5!)>+&*!02',&60'!2+*./&<}!$1+!i!8.(!;'0!/)PZQ`!\YZXH\YZ\<!
U0).7!T<7!m<!k,)1A7!;<!;<!^&**7!8<!I<!E,.*%0)7!S<!S*)6..1])A.7!T<!S4!)1%!I<!S)1!P#X"#Q<!}F!1.?&(!
1&)*H01>*)*&%!>(4.*&2'&1'&!06)A01A!D*.3&!>.*!01!?0?.!1&4+*.D,0(!+*)'/01A<}!8.(!$6)A01A!//PMQ`!
LZ#HL\#<!
U01A7!k<7!i<!c)4(%0&7!c<!E.C7!9<!^)46)117!8<!i.*%)1)7!U<!K<!T&0!)1%!8<!:<!F',.1A!P"__\Q<!}$THY!02!
)1! )1+001>()66)+.*5! '5+./01&! *&N40*&%! >.*! '.1+*.((01A! (.')(! .*! 252+&60'! )'4+&! 01>()66)+.*5!
*&2D.12&2<}!i!E(01!$1?&2+!/F/P#Q`!L""HL#X<!
m)A.7!=<7!^<!i<!;,).7!i<!i<!801&*7!T<!^<!m).7!F<!c<!:(.D.'/07!:<!8)&%)7!:<!8<!E.AA&2,)((!)1%!J<!S<!
8'W?&*!P#X"XQ<!}WH2&(&'+01!&1A)A&2!S;cTH"!)1%!EIVV!+,*.4A,!)!'.66.1!20A1)(01A!D)+,-)5!+.!
01%4'&!01+&A*01!)(D,)PTQ3&+)P#QH6&%0)+&%!2(.-!(&4/.'5+&!*.((01A<}!^(..%!//NPLQ`!V\MHV_V<!
m)6)2)/07! m<7! G<! 8)+244*)7! 9<! ;,.j4,)*)7! 9<! [1.%&*)7! m<! $+.5)6)! )1%! :<! :.A4*&! P"__MQ<!
}$1+&*(&4/01H"! )2! )! D)+,.A&1&+0'! 6&%0)+.*! .>! 02',&60'! 3*)01! %)6)A&! 01! *)+2<}! ;+*./&! 3NPVQ`!
YZYHY\X@!%02'4220.1!Y\"<!
m)1A7!I<7!y<!E,&17!^<!c&*+j7!J<!9&7!8<!S,4(24/2.63)+07!J<!I<!m&!)1%! i<! i<![DD&1,&06! P#XX#Q<!
}946)1!%&1%*0+0'! '&((2!&CD*&22! >41'+0.1)(! >.*65(!D&D+0%&! *&'&D+.*H(0/&H#! PKSJT#Q! +,*.4A,.4+!
6)+4*)+0.1<}!i!T&4/.'!^0.(!B3PLQ`!M_\HYXZ<!
m)1A7!I<7!y<! E,&17! m<! T&7! i<!8<!B)1A! )1%! i<! i<![DD&1,&06! P#XX"Q<! }I0>>&*&1+0)(! *&A4()+0.1!.>!
>.*65(!D&D+0%&!*&'&D+.*H(0/&!"!&CD*&220.1!%4*01A!+,&!%0>>&*&1+0)+0.1!.>!6.1.'5+&2!+.!%&1%*0+0'!
'&((2!)1%!6)'*.D,)A&2<}!i!$6641.(!/NNPYQ`!VX_#HVX_\<!
m)1A7!c<7!:<!:0+)A)-)7!:<!8)+242,0+)7!=<!8)34',07!m<!m)A0+)7!=<!m)1)A0,)*)!)1%!8<!8)+246.+.!
P"__ZQ<! }EMZ^TOY! 2+*)01! 02!6.2+! 242'&D+03(&! +.! '&*&3*)(! 02',&60)! >.((.-01A!30()+&*)(! '.66.1!
')*.+0%! .''(420.1! )6.1A! 2&?&1! 6.42&! 2+*)012`! 2&(&'+0?&! 1&4*.1)(! %&)+,! 01! +,&! 64*01&!
+*)120&1+!>.*&3*)01!02',&60)<}!^*)01!J&2!BE3P"H#Q`!#X_H#"\<!
m)j0%7!;<7!T<!b<!G.*(01A!)1%!J<!i<!K(.-&*!P#X""Q<!}F1+0H01>()66)+.*5!%*4A27!&0'.2)1.0%2!)1%!+,&!
)11&C01!F"OKSJ#!)1+0H01>()66)+.*5!252+&6<}!S*.2+)A()1%012![+,&*!T0D0%!8&%0)+<!
m&7!J<!I<7!K<!^.4()57!i<!8<!B)1A7!E<!I),(A*&17!E<!c&*)*%7!8<!S)*6&1+0&*7!E<!G<!;&*,)1!)1%!S<!8<!
84*D,5!P#XX_Q<!}$1+&*1)+0.1)(!d10.1!.>!^)20'!)1%!E(010')(!S,)*6)'.(.A5<!TUU$$$<!G.6&1'()+4*&!
>.*!+,&!>.*65(!D&D+0%&!*&'&D+.*!PKSJQ!>)60(5<}!S,)*6)'.(!J&?!N/P#Q`!""_H"Y"<!
m&7! U<! 9<7! m<!B47! S<! S<! c4.7! i<!B)1A7! ;<! m<! m4)17! m<! ;,)1A! )1%! ;<! T<! m).! P#X"XQ<! }T0D.C01! FV!
)1)(.A4&!D*.+&'+2!3*)01!)1%! *&%4'&2! 01>()66)+0.1! 01!)! *)+!6.%&(!.>! >.')(! '&*&3*)(! 02',&60)!
*&D&*>420.1<}!^*)01!J&2!/)3)`!"ZVH"\L<!
m&7!U<!9<7! m<!B47!S<!S<!c4.7! i<!B)1A7! ;<! m<! m4)17!m<! ;,)1A!)1%!;<! T<! m).! P#X"XQ<! }T0D.C01!FPVQ!
)1)(.A4&!D*.+&'+2!3*)01!)1%! *&%4'&2! 01>()66)+0.1! 01!)! *)+!6.%&(!.>! >.')(! '&*&3*)(! 02',&60)!
*&D&*>420.1<}!^*)01!J&2<!
m&D&27!8<7!8<!;)1%/?02+7!8<!:<!B.1A7!=<!F<!E.(&6)17!W<!;60+,7!;<!T<!E.,)1!)1%!I<!F<!T)-*&1'&!
P#XXXQ<! }G&4*.2&*D01! *&%4'&2! '&*&3*)(! 01>)*'+! ?.(46&! )1%! D*.+&'+2! 1&4*.12! >*.6! 02',&60)H
01%4'&%!)D.D+.202<}!^(..%!ONP#Q`!MY_HMZY<!
m.2,0./)7! 9<7! :<! G00j46)7!8<! :)+247! 9<! ;)/)+)7!G<![/)60! )1%! S<! 9<! E,)1! P#X""Q<! }E.1202+&1+!
01]4*5! +.! 6&%046! 2D015! 1&4*.12! )1%! -,0+&! 6)++&*! 01! +,&! 6.42&! 2+*0)+46! )>+&*! D*.(.1A&%!
+*)120&1+!A(.3)(!'&*&3*)(!02',&60)<}!i!G&4*.+*)46)!39PVQ`!YV_HYYX<!
                    References 
!
"Y\!
k,)1A7!i<7!m<!T07!U<!k,&1A7!y<!c).7!k<!T047!J<!y47!i<!^.*1&6)17!;<!^<!W(0)2!)1%!8<!E,.DD!P#XX\Q<!
}^.1&! 6)**.-! 2+*.6)(! '&((2! D*.+&'+! .(0A.%&1%*.'5+&2! >*.6! .C5A&1HA(4'.2&! %&D*0?)+0.1!
01]4*5<}!i!G&4*.2'0!J&2!9NPZQ`!"MX"H"M"X<!
k,)1A7!T<7!F<!G)0*7!:<!:*)%57!E<!E.*D&7!J<!9<!^.11&)47! $<!F<!;06D2.1!)1%!;<!i<!b)114''0!P#XXVQ<!
}W2+*.A&1! 2+064()+&2!60'*.A(0)! )1%! 3*)01! *&'.?&*5! >*.6! ,5D.C0)H02',&60)! 01! 1.*6.A(5'&60'!
34+!1.+!%0)3&+0'!>&6)(&!60'&<}!i!E(01!$1?&2+!//)P"Q`!\MH_M<!
k,)1A7! T<7! k<! c<! k,)1A7! J<! T<! k,)1A7! 8<! T47! 8<! :*)62! )1%! 8<! E,.DD! P#XXLQ<! }W>>&'+2! .>! )!
2&(&'+0?&! EI""3OEI"\! )1+)A.102+! )1%! *&'.6301)1+! ,46)1! +0224&! D()2601.A&1! )'+0?)+.*!
+*&)+6&1+! )(.1&! )1%! 01! '.6301)+0.1! 01! )! *)+! &63.(0'!6.%&(! .>! 2+*./&<}! ;+*./&!).PZQ`! "Z_XH
"Z_M<!
k,)1A7!J<!T<7!8<!E,.DD7!E<!k)(.A)7!k<!c<!k,)1A7!G<!i0)1A7!;<!E<!c)4+)67!B<!U<!=)1A7!B<!=2)1A7!I<!
E<!F1%&*2.1!)1%!F<!8<!8)1101A!P"__MQ<!}=,&!+&6D.*)(!D*.>0(&2!.>!$EF8H"!D*.+&01!)1%!6JGF!
&CD*&220.1!)>+&*!+*)120&1+!8EF!.''(420.1!01!+,&!*)+<}!^*)01!J&2!N93P"H#Q`!"\#H"\\<!
k,)1A7!J<!T<7!8<!E,.DD7!k<!c<!k,)1A7!8<!T<!S,0((0D27!E<!T<!J.2&13(..67!J<!E*4j!)1%!F<!8)1101A!
P"__YQ<!}WH2&(&'+01! 01! >.')(!'&*&3*)(! 02',&60)!)1%!*&D&*>420.1! 01!+,&!*)+<}! i!E&*&3!^(..%!K(.-!
8&+)3!/NPYQ`!""#YH""LY<!
k,.47! m<7! =<! T&/0'7! G<! K)+,)(07! J<! S<! [2+*.-2/07! J<! I<!8)*+017! i<! =)1A! )1%! i<! 9<! k,)1A! P#X"XQ<!
}$2.>(4*)1&! D.2++*&)+6&1+! *&%4'&2! 1&.1)+)(! ,5D.C0'H02',&60'! 3*)01! 01]4*5! 01! *)+2! 35! +,&!
2D,01A.201&H"HD,.2D,)+&OD,.2D,)+0%5(01.20+.(HLH/01)2&OF/+! D)+,-)5<}! ;+*./&! ./PZQ`! "M#"H
"M#Z<!
k0?017!i<!F<!)1%!I<!J<!B)4%!P"__#Q<!}y4)1+)(!30.)22)5!)1%!2+*./&<}!;+*./&!3)PMQ`!ZYZHZZL<!
!
!
